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This invention relates to a method of and ap 
paratus for shaping plastic material and it has 
particular relation to a method of and appara 

5 
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tus for continuously solidifying and shaping ma 
terial which is fluid when subjected to heat, such 
as is disclosed in applicant's Copending contin 
uing application, Serial No. 636,080, filed Octo 
ber 3, 1932, of which this application is a con 
tinuation in part. 
One of the objects of the present invention is 

to provide a method of and apparatus for con 
tinuously rolling sheets, bars and the like from 
metal having a relatively high melting point such 
as iron and steel and delivered in a molten condi 
tion. 
Another object of the invention is to provide 

a method of and apparatus for rendering the 
metal relatively plastic prior to its contact with 
the sheet forming rolls by controllably reducing 
the temperature of the metal at intervals and 
according to a temperature gradient determined 
by the temperature and characteristics of the . 
metal. - 

30 

A further object of the present invention is 
to provide a method of and apparatus for auto 
matically controlling the rate of flow of the 
metal to the shaping rolls in accordance with the 
temperature of the metal. 

Still another object of the present invention 
is to provide an apparatus of the character de 
scribed in which the molten metal is rendered 
plastic and supplied to the shaping rolls in an 
inert or relatively non-oxidizing atmosphere. 
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A still further object of the invention is to 
provide an apparatus of the character described 
in which the metal may be rolled to the desired 
form at a plurality of points or locations along 
its path of travel through the apparatus thus in 
suring that the rolling operation occurs when the 
metal reaches the proper degree of plasticity. 

Still another object of the present invention is 
to provide an apparatus of the character de 
scribed which is not only capable of producing a 
plurality of sheets Or bars simultaneously but 
which may be employed to produce but a single 
sheet if so desired, 
A still further object of the invention is to 

provide an apparatus of the character described 
which may quickly and easily be adjusted to fab 
ricate sheets or bars of different thickness and 
in which the cooling and shaping rolls may be 

55 

separated to discharge the metal therefrom and 
to provide access thereto when the operation of 
the apparatus is discontinued. 
With such objects in view, as well as other ad 

(C. 22-57.5) 
vantages which may be incident to the use of the 
improvements, the invention consists of the parts 
and combinations thereof hereinafter set forth 
and claimed With the understanding that the Sev 
eral necessary elements constituting the same 5 
may be varied in proportions and arrangement 
without departing from the nature and scope of 
the invention as defined in the appended claims. 
In order to make the invention more clearly 

understood there are shown in the accompanying 10 
drawings, means for carrying the invention into 
practical effect, without limiting the improve 
ments in their useful application to the particu 
lar constructions and arrangements which, for 
the purpose of explanation, have been made the 15 
subject of illustration. 

In the accompanying drawings: 
Figure 1 is a plan view of an apparatus con 

structed in accordance with the present inven 
tion, 

Figure 2 is a side, elevational view of the struc 
ture illustrated in Fig. , 

Figure 3. is a vertical longitudinal sectional 
view taken on line 3-3 of Fig. 1, 

Figure 4 is a front elevational view of the 
structure shown in Fig. 1, 

Figure 5 is a vertical transverse sectional view 
taken on line 5-5 of Fig. 1, and illustrating the 
movable end members and operating means 
therefor, 30 

Figure 6 is a vertical transverse sectional view 
taken on line 6-6 of Fig. 1, and illustrating the 
metal being passed through the several condi 
tioning chambers and being finally rolled into 
sheet form, 35 

Figure 7 is a vertical transverse sectional view 
taken on line - of Fig. 1 and illustrating the 
mechanism for rotating the upper rolls in their 
various positions of adjustment, 

Figure 8 is a vertical transverse sectional view 
of another embodiment of the invention for roll 
ing plastic materials and metals having a rela 
tively low melting point. 

Figure 9 is a view similar to Fig. 8 but with the 
rolls separated to discharge material from the 45 
chamber defined thereby, and 

Figure 10 is a diagrammatic view of the ther 
mo-responsive means for automatically varying . 
the speed of rotation of the rolls in accordance 
with the temperature of the metal. 

Referring to the drawings, an apparatus emi 
bodying the present invention is shown as com 
prising a base , preferably of cast construc 
tion, suitably anchored upon a concrete founda 
tion 2, and having a pair of parallel frame is 
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2 
members 3 secured thereto along its edges, at 
What may be termed the front and rear of the 
apparatus, by bolts 4 passing through flanges 5 
formed on the lower edges of the frame mem 
bers. The frame members 3 may be suitably 
tied together adjacent to their upper edges to 
provide a rigid structure and support a plurality 
of pairs of upper and lower cooling and shaping 
rolls 6 and respectively arranged in side-by 
side contiguous relation and together defining a 
centrally disposed receivihg chamber 8 and a 
Series of Conditioning chambers 9 communicat 
ing therewith and with one another through 
Spaces or sheet forming passes between the 
rolls 6 and of each pair of rolls (Fig. 6). 
The upper rolls 6 at the center of the appa 

ratus are of slightly less diameter than the rolls 
located outwardly therefrom so as to define a 
restricted opening or throat through which 
molten metal or other material is adapted to be 
introduced downwardly into the receiving cham 
ber 8, from a feeding device 2, such as a fore 
hearth or ladle located above the rolls. This 
feeding device may constitute a part of the ap 
paratus and is formed with arcuate lower sur 
faces 3 conforming with the radius of curvature 
of the central rolls 6. When the feeding device 
2 occupies its operative position the faces 3 
are disposed in intimate contact with the cen 
tral rolls 6, thus preventing air from the outer 
atmosphere from entering the several condi 
tioning chambers 9 through the throat and 
receiving chamber 8. 
The upper rolls 6 comprise tubular shafts f4 

the ends of which are journaled in bushings 5 
carried by slide bearings 6 which are mounted 
for vertical adjustment in ways formed in 
the frame members 3. The bushings 5 may be 
of the eccentric type so as to enable the rolls 
7 to be accurately adjusted relative to one an 
other and to provide for any reduction in the 
diameter of these rolls due to wear. The inter 
nediate portions of the shafts 4 are formed 
with spaced collars 18 upon which outer cylin 
drical shells 9 are fixed, preferably by shrink 
ing. The collars 8 are formed with a plurality 
of circumferentially spaced openings 20, the 
Openings in each of the collars being angularly 
staggered or offset Irelative to those of the ad 
jacent collars so as to cause a temperature con 
trolling medium to traverse a tortuous path in 
passing through the rolls from end to end, as 
Will presently be described. The tubular shafts 
f4 are provided with partitions 2 intermediate 
their ends and also with radial openings 22 ad 
jacent to the ends of the rolls 6 for establishing 
communication between the shafts and the in 
terior of the rols (Fig. 3). 
A temperature controlling medium which may 

be live Steam, air Or Water refrigerated or other 
wise, according to the nature and characteristics 
of the material being shaped by the rolls, is 
directed through the upper rolls 6 from end to 
end, from flexible inlet pipes 23, the upper ends 
of which are secured by means of clamping straps 
24 to tubular flanged nipples 25 which are 
bolted to the outer surfaces of the slide bear 
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ings 6 at the front of the apparatus and in 
axial alignment with the tubular shafts 4. The 
lower ends of the pipes 23 are secured by means 
of clamping straps 26 to flanged nipples 2 
mounted on inlet valves 28 which control Com 
munication between the inlet pipes 23 and a 
supply main or conduit (not shown) also located 

75 at the front of the apparatus. 

2,308,758 
After passing through the upper rolls 6, the 

temperature controlling medium escapes from 
these rolls through flexible outlet pipes. 29 the 
upper ends of which are secured by means of 
clamping straps 30 to flanged nipples 3 which 
are bolted to the slide bearings 6 at the rear 
of the apparatus and in axial alignment with the 
tubular shafts 4. The lower ends of the pipes 
29 are secured by means of clamping straps 32 
to flanged nipples 33 which communicate with 
a common discharge main or conduit (not 
shown) also located at the rear of the apparatus, 
The lower rolls of the several pairs of rolls 

are of substantially the same construction as 
the upper rolls just described in that they also 
comprise tubular shafts 34 the ends of which 
are journaled in bushings 35, which may also be 
of the eccentric type, carried by horizontally 
movable elongated Slide bearings 36 mounted in 
ways 3 formed in the frame members 3. The 
intermediate portions of the shafts 34 are formed 
With Spaced collars 38 upon which outer cylin 
drical shells 39 are fixed, preferably by shrink 
ing. The collars 38 are provided with Spaced 
openings 40 similar to those described in con 
nection with the upper rolls 6. The tubular 
shafts 34 are also provided with partitions 4 f. 
intermediate their ends and also with radial 
openings 42 for establishing communication be 
tween the shafts 34 and the interior of the lower 
rolls 7 at the ends thereof. 
A temperature controlling medium is also di 

rected through the lower rolls 7 in opposite di 
rections with respect to that of the flow of the 
medium through the associated upper rolls 6, 
from flexible inlet pipes 43 the upper ends of 
which are secured by neans of clamping straps 
44 to tubular flanged nipples 45 bolted to the 
outer Surfaces of the slide bearings 36 at the 
rear of the apparatus. The lower ends of the 
inlet pipes 43 are secured by means of clamping 
straps 46 to fianged nipples 47 mounted on inlet 
valves 48 which control communication between 
the inlet pipes 43 and a supply main or conduit 
(not shown) located at the rear of the apparatus. 

After passing through the lower rolls 7 the 
temperature controlling medium escapes from 
these rolls through flexible outlet pipes 49, the 
upper ends of which are Secured by camping 
straps 50 to flanged nipples 5 which are bolted 
to the Outer faces of the slide bearings 36 at the 
front of the apparatus. The lower ends of the 
outlet pipes 49 are secured by means of clamping 
straps 52 to flanged nipples 53 which communi 
cate with a common discharge main or conduit 
(not shown) also located at the front of the 
apparatus. It will be observed that the cooling 
medium is thus directed through the upper and 
lower rolls 6 and 7 in opposite directions, thus 
equalizing the dissipation of heat from the metal 
transversely of its path of travel. 
The lower rolls are additionally supported by 

back-up rolls 54 of solid construction which are 
journaled in bearings 55 carried by the base f. 
The upper rolls 6 may be raised and lowered 

independently of one another in order to adjust 
the size of the spaces O or to transform these 
spaces into sheet forming passes of equal size 
or into passes decreasing progressively in size 
outwardly according to the temperature, nature, 
rate of heat dissipation, or other characteristics 
of the particular metal or material being rolled, 
by means of adjusting screws 56 having heads 57 
at their lower ends which are rotatably confined 
within keepers 58 bolted to the upper surfaces of 
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the slide bearings. 6. The upper portions of the 
adjusting screws 56 are threaded into worm 
nuts 59 which are confined between the upper 
ends of the frame members 3 and bars 60 secured 
to the frame members by side plates 6 . . The 
worm nuts 59 are rotated in Order to raise or 
lower the adjusting screws 56 and the parts car 
ried thereby, byla?eans of worms 62 which are 
fixed to shafts 63 extending between the frame 
members 3 and journaled in the plates 6 and are 
provided at their forward ends with hand wheels 
64 by means of which both ends of the upper rolls 
6 may be raised or lowered simultaneously be 
tween the positions shown in full and broken lines 
in Fig. 6. 
The lower cooling and shaping rolls may be 

separated at the middle of the aparatus, that is to 
say the rolls 7 on opposite sides of a vertical 
medial plane are moved in unison away from 
one another, as indicated by broken lines in Fig. 
7, so as to provide a space between the two central 
rolls 7 through which the apparatus may be 
emptied of material when operation is discon 
tinued. This is accomplished by means of jack 
screws 65 having heads 66 at their inner ends 
which are rotatably confined within keepers 67 
bolted to the outer ends of the slide bearings 36. 
The outer portions of the jack screws 65 are 
threaded into worm nuts 68 which are confined 
between the outer edges of the frame members 3 
and bars 69 secured to the frame members 3 by 
side plates 70. The worm nuts 68 are rotated 
by means of worms which are fixed to shafts 
2 extending between the frame members 3 and 
journaled in the side plates (), and are provided 
at their forward ends with hand wheels 3 by 
means of which the opposite ends of the lower 
rolls may be moved in unison from the front of 
the apparatus. 
Mounted contiguous with the ends of the upper 

rolls 6 and with the lower rolls of each of the 
pairs of rolls, is an end member 4. When the 
rolls occupy their operative positions these end 
members abut one another and prevent the escape 
of material from the chambers 8 and 9 and the 
spaces in a direction longitudinally of the 
rolls. These end members may be constructed 
of any suitable refractory material, such as fire 
brick or lava rock, or they may be of hollow cast 
metal construction, in which case a temperature 
controlling medium may also be circulated there 
through by providing suitable pipes for such 
purpose. The end members 4 are supported by 
hangers 75 which are pivotally connected thereto 
at their lower en.s and which are provided with 
strap portions 76 at their upper ends for engage 
ment with eccentrics 77 fixed to the shafts 4 of 
the upper rolls 6. By means of this construction 
the end members 74 are reciprocated vertically 
as the rollis 6 are rotated, thus exerting a shear 
ing action against the ends of the rolls such as 
will prevent material from adhering to the end 
members during its passage through the cham 
bers. The end members are prevented from end 
wise displacement by the eccentrics TT and hang 
ers 75. 
The lower rolls T of the several pairs of rolls 

are rotated in the directions indicated by the 
arrows in Fig. 6 in order to fabricate two sheets 
simultaneously when the rolls occupy their oper 
ative positions, and also to free them from mate 
rial when they occupy their inoperative or sepa 
rated positions, as shown by broken lines in Fig. 
6; by means of a plurality of elongated worms 
T8 which are fixed to a jack shaft 79 and which 

3 
mesh with worm gears 80 keyed to the tubular 
shafts 34 of the lower rolls . The jack shaft 9 
is journaled in bearings 86 fixed to the front 
frame members 3 and carries a worm wheel 82 for 
intermeshing engagement with a worm 83 fixed 
to a transversely extending drive shaft 84. The 
drive shaft 84 is journaled in the front frame 
member 3 and in a bearing 85 carried by the base 
and is suitably driven by a variable speed elec 

tric motor M (Fig. 10) in a manner hereinafter 
to be described. 
The upper cooling and shaping rolls 6 of the 

O 

Several pairs of rolls are rotated in the directions 
indicated by the arrows in Fig. 6, by means of 
Spur gears 86 which are fixed to the lower tubular 
shafts 34 at the rear of the apparatus (Fig. 7) 
and which drive gears 8 fixed to the upper shafts 
ld through the medium of intermeshing upper 
and lower pinions 88 and 89 respectively. These 
pinions are journaled on stud shafts 90 and 9 
carried by arms 92 which are mounted on the 
lower shafts 34 for swinging movement thereon. 
The stud shafts 90 upon which the upper pinions 
88 are journaled, are pivotally connected to arms 
93 which are mounted on the upper shafts 4 for 
Swinging movement thereon. This construction 
insures that the pinions 88 will traverse paths 
concentric or planetary with respect to both the 
gears 86 and 87 and thus maintain driving con 
nections between the rolls 6 and when either 
the former are adjusted vertically or the latter are 
adjusted horizontally, as is shown by broken lines 
in Fig. 7. VM 

It will be apparent from the foregoing that the 
molten metal introduced into the receiving cham 
ber 8 is moved laterally outwardly therefrom in 
Opposite directions through the chambers 8 and 
spaces 9 until it reaches a plastic condition and is 
rolled into sheet form by the rolls 6 and . The 
particular point where the sheet forming opera 
tion occurs depends upon the initial temperature . 
of the metal, rate of heat dissipation and the 
speed of the rolls. 
condition at an early stage and is shaped into a 
sheet by certain of the intermediate rolls, the rolls 
disposed outwardly from such rolls merely func 
tion as supporting and as additional cooling and 
Smoothing means. On the other hand, if the 
metal does not become plastic until it reaches the 
outermost rolls these outermost rolls perform the 
shaping function and the rolls located inwardly 
therefrom act as cooling and feeding means. 
Obviously the particular number of pairs of rolls 
employed depends upon operating conditions, and 
may be reduced in number or added to according 
to requirements. 

For example, there is shown in Figures 8 and 9 
an embodiment of the invention in which only 
two pairs of rolls are employed. This construc 
tion may be preferable in rolling plastic materials 
and metals having relatively low melting points. 
Inasmuch as this construction is practically the 
same as that hereinbefore described and is the subject of applicant's co-pending application 
hereinabove referred to, a detailed description 
thereof is believed to be unnecessary. . 

If the metal reaches a plastic 
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As in the rolling operations hereinbefore de 

scribed, the metal within the chamber 8 is ren 
dered plastic in Zones 8 of substantially equal 
area above and below the passes O. The rota 
tion of the rolls carries the metal of these zones outwardly through the passes where they are 
united by the pressure of the rolls to form sheets 
0' having skins on opposite sides of substantially 
uniform thickness. 
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Also, it will be apparent that the surfaces of 
the corresponding rolls of the severa, pairs of 
rolls move in opposite directions at the lines of 
contact therebetween and consequently exert a 
Scraping or scouring action against one another 
Such as Will not only prevent the metal front. 
escaping thereoetween but will free the metal 
from the rolls in the event of any tendency to 
adhere thereto during its passage through the 
apparatus. In this respect the assenly raay be 
termeda, “continuous Self-Stripping ingot nacd'. 
This contiguous relation of the upper and lower 
rols also teads to exclude air from the Outer at 
mosphere from the several chambers, thus pre 
venting undue oxidation of the metal during its 
conditioning stages. 

Obviously if the cooling and shaping rolls 6 
and i are rotated too rapidly With respect to the 
rate at which the metal dissipates its heat, the 
metal will not become sufficiently solidified to 
retain its sheet form after passing between the 
outermost pairs of rolls. On the other hand, if 
the rolls are rotated too slowly the metal may 
reach such a degree of solidity as to subject the 
rolls to excessive strain if not actually 'freezing' 
While in contact thereWith. Also, the tempera 
ture of the metal as well as that of the cooling 
medium flowing through the rolls may fluctuate 
to such an extent and so frequently as to render 
any constant roll speed in practical. 
According to the present invention these diffi 

culties and uncertainties are avoidied by the pro 
vision of thermo-responsive means for automat 
ically varying the speed of the motor Mi and that 
of the rollis 6 and in accordance with the ten 
perature of the metal and any fluctuations there 

. r 

With particular reference to Fig. 10 of the 
drawings, the armature winding of the notor M. 
is shown as being energized by direct current 
which traverses a circuit from a suitable Source, 
such as positive bus wire 94, through wire 95, 
armature winding of motor M, and wire 96, to 
negative bus wire 04. The field winding of motor 
M is also energized by current which traverses a 
circuit from positive bus wire 98, through Wires 
95, and 95, field winding f of motor M, wire 96, 
manually operable switch 9, wire 98, manually 
adjustabie rheostat 99, wire-1 000, back contacts 
O and connecting wires 02 of 3 series of relayS, 

indicated by the letter up with exponents accord 
ing to their order of energizing, and wire 103 to 
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negative bus wire O4. Under these conditions 
the motor M will drive the cooling and Shaping 
rolls 6 and 7 at a maximum speed determined 
by the manual adjustment of the rheostat 99 and 
the rolls will fabricate sheets, as previously, de 
scribed, if the metal dissipates its heat the proper 
rate at such roll speed. 
The speed of the motor M and the rolls 6 and 
driven thereby is automatically controlled by 

a thermocouple T which is positioned adjacent to 
the molten metal within the feeding device 2 
or within certain of the chambers 8 and 9 or both, 
so that the temperature of the metal will gen 
erate an electric current, in the Well known man 
ner, in a circuit including wires O5, and 06, 
connecting the terminals of the thermocouple 
T with those of a galvanometer G. The hot end 
of the thermocouple T is Suitably connected with 
the outer end of a metal bar 0 the inner end 
of which is exposed to the hot metal and which 
is provided with a suitable heat insulating cov 
ering 08 So as to insure a uniform drop in ten 
perature from end to end. The temperature of 

3,203,253 ???? 

the inner end of the bar is that of the metal 
With Which it is in contact but the drop in ten 
perature longitudinally of the bar is such as to 
prevent the thermocouple from being damaged 
by being subjected to excessive heat. However, 
sufficient heat is transmitted to the thermocouple 

by conduction to insure that the same will 
operate properly in accordance with fluctuations 
in the temperature of the metal within the feed 
ing device or chamber. 
The galvaronetter G operates a disk or shutter 

ES provided with an aperture through which 
light rays emanating from a source of light, such 
as an electric lamp , nay progressively be ad 
mitted into a Series of chanbers C. Located With 
in each of the chanabers c is a Selenium cell or 
resistors and also a lens l for focusing the light 
rays admitted through the aperture upon 
the light sensitive element of the cells S. 
When the temperature of the metal in the 

vicinity of the thermocouple T reaches a pre 
determined degree, the gavanometer G Will 
swing the shutter 99 to a position in which its 
aperture if registers with the first chamber c. 
of the Series so that light from the lanp L. Will 
be focused upon the Selenium cells thus ren 
dering the light sensitive element thereof Sufi 
ciently conductive to effect the energizing of 
relay all by current traversing a circuit from 
positive bus wire 94, through a manually adjust 
able resistance element , wires 2, and 3, 
light sensitive element of the Selenium cell s, 
wire 8, winding of relay all, and wires f 5 and 

6 to the negative bus wire 04. The energiz 
ing of the relay ul. by current filowing in the 
circuit just traced causes it to Open its back 
contact {0 í and to close a front contact í T 
thereof. This opens the circuit previously traced 
for the motor M. but establishes an auxiliary cir 
cit therefor through the first section r of a 
resistance R, front contact 7 of relay upi and 
wires f8 and 9 to the negative bus wire fo4. 
The introduction of this additional resistance r 
into the motor circuit causes the speed of the 
notor and that of the rolls 6 and to decrease a 
predetermined annount So as to allow a greater 
period of time for the metal to dissipate its heat, 
and reach the desired degree of plasticity before 
passing between the rolls performing the shap 
ing function. 

If the speed of the rolls is still too high to 
permit the metal to become sufficiently plastic 
to retain its sheet form after passing between the 
shaping rolls, the galvanometer G will Swing the 
shutter 9 until the aperture Otherein regis 
ters With the next adjacent chamber c2 of the 
series so that light from the lamp I will render 
the next succeeding selenium cell s2 electrically 
conductive and cause the energizing of the relay 
U. . The energizing of the relay up introduces 
the next section 7 of the resistance R into the 
motor circuit so as to cause the motor M to 
rotate at a still further reduced Speed. It will 
be understood that When the front contact 
of one of the Succeeding relays up is closed, as 
above described, the front contact 7 of the 
preceding relay up is opened so that the current 
in the motor circuit will be compelled to traverse 
all of the sections r of the resistance R, which 
are introduced into this circuit by the closing of 
the front contact f of the relay last energized. 
The above described operations are repeated Suc 
cessively until the desired amount of resistance is 
included in the circuit of the motor M. 

It Will be understood that the chambers c are 
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impervious to light except when the aperture AO 
in the shutter 09 is moved into registry there 
with. Also, it will be understood that suitable 
amplifying means may be provided in the cir 
cuits of the several selenium cells if so desired. 
For the purpose of illustration, the current is 

Schematically shown as passing directly through 
the contacts of and of the relays up, but it 
will be appreciated by those skilled in the art 
that the contacts of these relays may be emi 
ployed to energize auxiliary circuits including 
circuit makers and breakers of a type particu 
larly adopted to carry the current employed, 
especially where normally high current values 
are to be dealt with. 
The hereinabove described control System is 

given by way of example only, it not being in 
tended to limit the instant improvements to any, 
particular circuit or circuits. 
From the foregoing it will be apparent that an 

apparatus is provided in which the metal is not 
only rolled to sheet form but in which the metal 
is also conditioned prior to the rolling opera 
tion. By regulating properly the rate of flow of 
the cooling medium through the several rolls, or 
by regulating the speed of the rolls, or both, the 
rate of dissipation of heat from the metal may 
be adjusted in accordance with a temperature 
gradient determined by the initial temperature 
of the metal or the characteristics of the par 
ticular metal being rolled. This gradient may 
be uniform in character or it may be shaped 
according to requirements. 
The sheets of metal issue from the apparatus 

in a relatively hot condition and may immedi 
ately be fed to other instrumentalities for further 
shaping or conditioning operations. For ex 
ample, the sheets may be fed directly to drop 
hammers to be forged thereby into articles of 
appropriate shape while the metal is still hot 
from its original heat. Also the sheets may be 
fed to other rolls for further reduction in thick 
ness, or they may immediately be introduced 
into annealing Ovens or Subjected to tempering, 
carburizing, or other heat treating processes or 
operations. 
The apparatus hereinabove described may be 

employed to roll a single sheet by disconnecting 
or entirely dispensing with the outer roll or rolls 
at one side of the apparatus and by altering the 
gearing so that the innermost lower roll on the 
side where such disconnection is effected, will 
rotate in a direction opposite to that shown. In 
such event the upper roll 6 associated with said 
innermost lower roll should be adjusted down 
wardly so as to close the space to between these 
rolls. When these slight changes are made a 
Single sheet will be fabricated by the rolls on the 
opposite side of the apparatus. An apparatus of 
this type which is specifically designed to fabri 
cate a single sheet only is disclosed in applicant's 
copending application, Serial No. 734,349, filed 
July 10, 1934, 

If desired the entire series of rolls on both 
sides of the apparatus may be enclosed within a 
casing or housing through which an inert or non 
oxidizing atmosphere may either be circulated 
or maintained. 

Also, instead of mounting the lower rolls on 
each side of the center line of the apparatus in 
single slide bearings 36 as shown, these rolls 
may be journaled in separate slide bearings 
having loose or lost motion connections there 
between. 
When thus mounted the jack screws 65 will 

separate the rolls progressively inwardly so as 
to provide discharge openings between each of 
the lower rolls. In such an arrangement the 
ways 37 may be inclined slightly downwardly 
toward the center of the apparatus So that the 
rolls will frictionally engage one another under 
the influence of gravity. 

Other modifications and changes in propor 
tion and arrangement of the several necessary 
elements constituting the invention may be made 
by those skilled in the art Without departing 
from the nature and scope of the invention as 
defined in the appended claims. 
What I claim is: 
1. The method of rolling sheets or bars from 
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material delivered in a molten condition which 
comprises the steps of passing the molten ma 
terial through a series of chambers defined by 
a plurality of pairs of rolls arranged in side by 
side relation; rendering the material relatively 
plastic by progressively reducing the temperature 
of the material during its passage through said 
chambers in accordance with a predetermined 
temperature gradient; rolling the plastic mate 
rial into sheet or bar form while it is still hot 
from its original heat; and automatically con 
trolling the speed of rotation of said rolls by and 
in accordance with the temperature and char 
acteristics of the material. 

2. The method of rolling sheets or bars from 
material delivered in a molten condition which 
comprises the steps of passing the molten mate 
rial in two streams from a single source of supply 
in opposite directions through a series of cham 
bers defined by a plurality of pairs of rolls ar 
ranged in side by side relation; rendering the 
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material relatively plastic by progressively re 
ducing the temperature of the material during 
its passage through said chambers in accordance 
With a predetermined temperature gradient; si 
multaneously rolling the plastic material of each 
of said streams into sheet or bar form. While it 
is still hot from its original heat; and auto 
matically controlling the speed of rotation of said 
rolls by and in accordance with the temperature 
and characteristics of the material. 

3. The method of rolling sheets or bars from 
oxidizable metal such as iron or steel delivered 
in a molten condition which comprises the steps 
of passing the molten metal through a Series of 
chambers defined by a plurality of pairs of rolls 
arranged in side-by-side contiguous relation, saidi 
chambers being Substantially closed to the Outer 
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atmosphere, by rotating said rolls; rendering the 
metal relatively plastic by progressively reducing 
the temperature of the metal during its passage 
through said chambers in accordance with a pre 
determined temperature gradient; and finally 
rolling the plastic metal into sheet or bar form 
while it is still hot from its original heat. 

4. The method of rolling sheets or bars from 
oxidizable metal such as iron or steel delivered 
in a molten condition which comprises the steps 
of passing the molten metal in two streams from 
a single source of supply in opposite directions 
through a series of chambers defined by a pll 
rality of pairs of rolls arranged in side-by-side 
contiguous relation, said chambers being sub 
stantially closed to the outer atmosphere, by ro 
tating said rolls; rendering the metal relatively 
plastic by progressively reducing the temperature 
of the metal during its passage through said 
chambers in accordance with a predetermined 
temperature gradient to render the same rela 
tively plastic; and finally simultaneously rolling 
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the plastic metal of each of said streans into 
sheet or bar form while it is stil hot from its 
original heat. 

5. Apparatus of the character described con 
prising a pair of shaping rolls; a series of chan 
bers communicating with one another and with 
said rolls for receiving a Supply of nolten metal, 
means or moving a wall of each of said cham 
be's to move the metal in said chambers toward 
said rolls; and means for reducing the tempera 
ture of the metal moving through said chambers 
to render the metal relatively plastic prior to 
its contact with said rolls. 

6. Apparatus of the character described co 
prising a pair of shaping rolls; a Series of chair 
bers communicating with one another and with 
said rolls for receiving a supply of molten metal; 
means for moving a wall of each of said chain 
bers to move the metal in said chambers toward 
said rolls, means for, reducing the temperature 
of the metal moving through said chambers to 
render the metal relatively plastic prior to its 
contact with said rolls; and means responsive 
to the temperature of said metal for controlling 
the rate of movement of said Walls and the re 
Sulting movement of Said metal. 

7. Apparatus of the character described con 
prising two pairs of laterally spaced shaping rolls; 
a series of chambers located between said pairs 
of rolls and communicating With one another 
and with said rolls for receiving a supply of 
molten metal from a single source and directing 
the same in opposite directions towards said 
rolls; means for moving a wall of each of said 
chanbers to Inove the metal in Said chambers to 
Ward said rolls; means for reducing the tempera 
ture of the metal in said chambers to render the 
metal relatively plastic prior to its contact with 
said rolls; and means responsive to the tempera 
ture of the metal for automatically controlling 
the rate of movement of said metal toward said 
rOS. 

8. Apparatus of the character described con 
prising a plurality of pairs of relatively closely 
spaced rolls arranged in side-by-side relation 
and together defining a series of chambers Com 
municating with one another through the rela 
tively narrow spaces between the rolls of the 
several pairs of rolls, said, rolls being operable 
when rotated to move molten metal introduced 
into one of said chambers through Successive 
chambers, to reduce progressiyely the tempera 
ture of the neta and render the Sane relatively 
plastic, and finally to impart to the plastic metal 
a predetermined configuration. 

9. Apparatus of the character described com 
prising a plurality of pairs of relatively closely 
spaced rolls arranged in side-by-side relation and 
together defining a series of chambers communi 
cating with one another through the relatively 
narrow Spaces between the rolls of the several 
pairs of rolls, said rolls being operable when ro 
tated to move molten metal introduced "into one 
of said chambers through successive chambers, 
to reduce progressively the temperature of the 
metal and render the same relatively plastic, and 
finally to impart to the plastic metal a predeter 
mined configuration; and means for independ 
ently varying the size of the spaces between the 
rolls of the several pairs of rolls in accordance 
with the degree of plasticity of the metal. 

10. Apparatus of the character described con 
prising a plurality of pairs of relatively closely 
Spaced rolls arranged in side-by-side contiguous 
relation and together defining a Series of chan 
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bers substantially closed with respect to the outer 
atmosphere and communicating with. One an 
other through the relatively narrow Spaces be 
tween the rolls of the several pairs of rolls, Said 
rolls being operable when rotated to move molten 
metal introduced into one of said chambers 
through successive chambers, to reduce progres 
sively the temperature of the metal and render 
the same relatively plastic, and finally to impart 
to the plastic metal a predetermined configura 
tion. 

11. Apparatus of the character described com 
prising a plurality of pairs of relatively closely 
spaced rolls arranged in side-by-side relation and 
together defining a series of chambers communi 
cating with one another through sheet forming 
passes defined by the rolls of the several pairs of 
rolls, said rolls being operable when rotated to 
move molten metal introduced into said cham 
ber through successive chambers, to reduce pro 
gressively the temperature of the metal and ren 
der the same relatively plastic and finally to roll 
the plastic metal into sheet or bar form. 

12. Apparatus of the character described com 
prising a plurality of pairs of relatively closely 
spaced rolls arranged in side-by-side relation and 
together defining a plurality of chambers com 
municating with one another through the rela 
tively narrow spaces between the rolls of the Sev 
eral pairs of rolls, said rolls being operable when 
rotated to move moltenmetal introduced into an 
intermediate chamber in opposite directions 
through successive chambers, to reduce progres 
sively the temperature of the metal and render 
the same relatively plastic, and finally to impart 
to the plastic metal predetermined configurations 
at opposite sides of the apparatus. 

13. Apparatus of the character described com 
prising a plurality of pairs of relatively closely 
spaced rolls arranged in side-by-side relation and 
together defining a plurality of chambers com 
municating with one another through the rela 
tively narrow spaces between the rolls of the sev 
eral pairs of rolls, said rolls being operable when 
rotated to move molten metal introduced into an 
intermediate chamber in Opposite directions 
through Successive chambers, to reduce progres 
sively the temperature of the metal and render 
the same relatively plastic, and finally to impart 
to the plastic metal predetermined configurations 
at Opposite sides of the apparatus; and means for 
independently varying the size of the spaces be 
tween the rolls of the several pairs of rolls in 
accordance with the plasticity of the metal. 

14. Apparatus of the character described com 
prising a plurality of pairs of relatively closely 
spaced rolls arranged in side-by-side contiguous 
relation and together defining a plurality of 
chambers substantially closed with respect to the 
Outer atmosphere and communicating with one 
another through the relatively narrow spaces be 
tween the rolls of the several pairs of rolls, said 
rolls being operable when rotated to move molten 
metal introduced into an intermediate chamber 
in opposite directions through successive cham 
bers, to reduce progressively the temperature of 
the metal and render the same relatively plastic, 
and finally to impart to the plastic metal pre 

0. 

15 

20 

30 

35 

40 

45 

50 

55 

60 

65 

determined configurations at opposite sides of . 
the apparatus. 

5. Apparatus of the character described com 
prising a plurality of pairs of relatively closely 
spaced rolls arranged in side-by-side relation and 
together defining a plurality of chambers com 
municating with one another through sheet form 

70 
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ing passes defined by the rolls of the several pairs 
of rolls, Said 'rolls being operable when rotated 
to move molten metal introduced into an inter 
mediate chamber in opposite directions through 

5 successive chambers, to reduce progressively the 
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temperature of the metal and render the same 
relatively plastic, and finally to roll the plastic 
metal into sheet or bar form at opposite sides of . 
the apparatus. 

6. Apparatus of the character described corn 
prising a pair of shaping rolls; metal conditipn 
ing means communicating with said rolls for 
receiving a supply of molten metal and directing 
the same toward the rolls, said conditioning 
means including a plurality of chambers com 
municating with one another through restricted 
passages; Eleans for reducing the temperature of 
the metal passing along said conditioning means, 
controllable as to its temperature reducing effects 
and applicable at intervals along said condition 
ing means to render the metal relatively plastic 
prior to its contact with the said rolls, and means 
responsive to the temperature of the metal for 
automatically controlling the rate of movement of 
said metal toward said rolls. 

17. Apparatus of the character described com 
prising two pairs of laterally spaced shaping rolls; 
a series of chambers located between said pairs of 
rolls and communicating with one another and 
With said rols for receiving a supply of molten 
metal from a single Source and directing the 
same in opposite directions towards said rolls; 
means for moving a wall of each of said cham 
bers to move the metal in Said chambers towards 
said rolls to be simultaneously shaped thereby into 
two sheets; and means for reducing the tempera 
ture of the metal in said chambers to render the 
same relatively plastic prior to its contact with 
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said rolls. 
18. Apparatus of the character described con 

prising two pairs of Superposed rolls arranged 
in side-by-side relation and cooperating to define 
a substantially closed chamber for receiving the 
supply of molten metal, a restricted throat 
through which metal is adapted to be introduced 
into said chamber and a sheet forming pass com 
municating with said chamber; means for cool 
ing said rolls, to extract heat from the metal in 
said chamber and render the same relatively 
plastic; means for rotating said rolls to move 
the plastic metal from said chamber outwardly 
through said pass to form a sheet; and a recep 
tacle removably seated upon the upper rolls of 
said pairs of rolls and communicating with said 

55, throat for supplying molten metal to said cham 
ber, said receptacle having arcuate surfaces cor 
responding in curvature to that of said rols to 
provide intimate contact therewith, thus to ex 
clude air from the outer atmosphere from said 

60 throat and said chamber. 
19. Apparatus of the character described corn 

prising two pairs of superposed rolls arranged in 
side-by-side relation and cooperating to define 
a substantially closed chamber for receiving the 

65 Supply of molten metal, a restricted throat 
through which metal is adapted to be introduced 
into said chamber and a sheet forming pass com 
municating with said chamber; means for cool 

-- ring said rolls to extract heat from the metal in 
70 said chamber and render the same relatively 

plastic; means for rotating said rolls to move the 
plastic metal from said chamber outwardly 
through said pass to form a sheet; a receptacle 
removably seated upon the upper rolls of said 

75 pairs of rolls and communicating with said throat 

for Supplying Imolten retal to said chamber, said 
receptacle having arcuate surfaces corresponding 
in curvature to that of said roll to provide inti 
mate contact thereWith, thus to exclude air from 
the outer atmosphere from said throat and cham 
ber; and means for circulating a cooling medium 
adjacent to the metal in said receptacle to extract 
excess heat therefrom prior to its introduction 
into said chamber. 

20. Apparatus of the character described com 
prising two pairs of superposed rolls arranged in 
side-by-side relation and cooperating to define 
a substantially closed chamber for receiving the 
supply of molten metal, a restricted throat 
through which metal is adapted to be introduced 
into said chamber and a sheet forming pass Com 
municating with said chamber; means for cool 
ing said rolls to extract heat from the metal in 
said chamber and render the same relatively 
plastic; means for rotating said rolls to move 
the plastic metal from said chamber outwardly 
through said pass to form a sheet; a receptacle 
removably seated upon the upper rolls of said 
pairs of rolls and communicating with said throat 
for supplying molten metal to said chamber, said 
receptacle having arcuate surfaces corresponding 
in curvature to that of said roll to provide inti 
mate contact therewith, thus to exclude air from 
the Outer atmosphere from said throat and cham 
ber; and means for separating the lower rolls of 
said pairs of rolls to discharge metal from said 
chamber. ???? 

21. Apparatus of the character described com 
prising two pairs of superposed rolls arranged in 
side-by-side relation and cooperating to define 
a substantially closed chamber for receiving the 
supply of molten metal, e, restricted throat 
through which metal is adapted to be introduced 
into said chamber and a sheet forming pass con 
municating with said chamber; Emeans for cool 
ing said rolls to extract heat from the metal in 
said chamber and render the same relatively 
plastic; means for rotating said Rolls to move 
the plastic metal from said chamber outwardly 
through said pass to foram a sheet; a receptacle 
removably seated upon the upper rolls of said 
pairs of rolls and communicating with said throat 
for supplying molter Emetal to said charnber, said 
receptacle having arcuate surfaces corresponding 
in curvature to that of Said roll to provide inti- , 
mate contact therewith, thus to exclude air fron 
the outer atmosphere from said throat and cham 
ber; means for separating the lower rolls of said 
pairs of rolls to discharge metal from said cham 
ber; and means for rotating said lower rolls when 
separated to free metal therefroin. . 

22. Apparatus of the character described conne 
prising two pairs of superposed rols arranged in 
side-by-side relation and cooperating to define 
a substantially closed chamber for receiving the 
supply of molten metal, a restricted throat 
through which metal is adapted to be introduced 
into said chamber and a sheet forming pass com 
municating with said chamber; means for cool 
ing said rolls to extract heat from the metal in - 
said chamber and render the same relatively 
plastic; means for rotating said rolls to move 
the plastic metal from said chamber outwardly 
through said pass to form a sheet; a receptacle 
removably seated upon the upper rolls of said 
pairs of rolls and communicating with said throat 
for supplying molten metal to said chamber, said 
receptacle having arcuate surfaces correspond 
ing in curvature to that of said roll to provide 
intimate contact therewith, thus to exclude air 
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from the outer atmosphere from said throat; and 
chamber; means for separating the lower rolls 
of Said pairs of rolls to discharge neta frog 
said chamber; means for separating the rolls of 
Said pairs of rolls to facilitate access to said rols 
and chambers; and means for rotating the upper 
and lower rolls of said pairs of rolls when this 
separated to free metal therefronn. 

23. Apparatus of the character described con 
prising two pairs of Superposed rolls arranged in 
side-by-side relation and cooperating to define 
a substantially closed chamber for receiving the 
Supply of molten metal, a restricted throat 
through which metal is adapted to be introduced 
into Said chamber and a sheet forming pass corn 
municating with said chamber; means for cooling 
Said rolls to extract heat from the metal in said 
chamber and render the same relatively plastic; 
means for rotating said rolls to move the plastic 
metal from said chamber outwardly through said 
paSS to form a sheet; a receptacle removably 
Seated upon the upper rollis of said pairs of rolls 
and communicating with said throat for supply 
ing molten metal to said chamber, said recep 
tacle having arcuate surfaces corresponding in 
curvature to that of said roll to provide intimate 
contact thereWith, thus to exclude air from the 
outer atmosphere from said throat and chamber; 
and means responsive to the temperature of the 
metal for controlling the speed of rotation of 
Said rols. V 

24. The rimethod of Folling seets o ars roim 

materiali delivered in a molten condition which 
congprises the following steps: delivering the 
molten material to an initial receiving chamber; 
causing the material to move from the said initial 
receiving chamber through a series of chambers 
successively connected by restricted passes, 
wherein heat is abstracted from the material 
rendering it relatively plastic by progressively 
reducing the tenperature thereof during its pas 
Sage through said chanbers, in accordance with 
a predetermined temperature gradient; subject 
ing the material to progressive forward feeding 
action between. Successive chambers, and finally 
rolling the plastic raterial into sheet or bar form 
While it is still not from its original heat. 

25. The herein described method of rolling 
sheets or bars from oxidizable metal such as iron. 
or steel, delivered in a gaoiten condition, which 
comprises the following steps: delivering the 
anoten neta into an initial receiving chamber; 
passing it therefrom through a series of chambers 
connected Successively with each other by passes 
of reduced dimensions, the said chambers being 
Substantially closed against the admission of at 
nospheric air, rendering the metal relatively 
plastic by progressively reducing the temperature 
thereof during its passage through the said 
chambers in accordance with 8, predetermined 
temperature gradient, and finally rolling the 
plastic metal irto seet or bar form. Wynile it is 
still hot frein its original heat. 

MARSHAL LOW. 
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