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UNITED STATES PATENT OFFICE. 
WILLIAM WAIKELY, OF TAUNTON, MASSACHUSETTS, 

METHOD OF AND APPARATUS FOR REDUCING METALS. 

SPECIFiCATION forming part of Letters Patent No. 449,145, dated March 31, 1891. 
Application filed April 26, 1890, Serial No. 349,616, (No model,) 

To all whon it naily conce77. 
Be it known that I, WILLIAM WAKELY, a 

Subject of the Queen of Great Britain, but now 
residing at Taunton, county of Bristol, State 
of Massachusetts, have invented an Improve 
ment in Methods of and Apparatus for Re 
ducing Metals, of which the following descrip 
tion, in connection with the accompanying 
drawings, is a specification, like letters and fig 
ures on the drawings representing like parts. 
This invention relates to a novel process 

and apparatus by which metal may be cast 
into ingots or cakes and reduced and finished 
in one apparatus. 
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My invention, among other things, is espe 
cially applicable for the treatment of what is 
known as “yellow metal,” now commonly em 
ployed as sheathing for the bottoms of ships. 

Prior to my invention yellow metal has been 
manipulated in the following manner, viz: 

First. The molten metal is first poured into 
a mold to form an ingot’ or cake, which is al 
lowed to become cold or cooled below the de 
gree of temperature at which the metal may 
be drawn or reduced. 
Second. The ingot of metal is next re 

heated and reduced in a rolling-mill composed 
of two or more horizontal rolls, having the 
lower or lowest roll mounted in fixed or sta 
tionary bearings and the upper roll or rolls 
made adjustable with relation to the fixed 
lower roll by means of Wedges. The ingot is 
reduced by this machine into the form of a 
slab. 

Third. The slab thus formed is cut up into 
suitable lengths or pieces, and each piece is 
reheated to the necessary temperature for re 
duction and then passed through a second or 
finishing machine of like construction as the 
reducing-machine, but composed of two rolls. 
With the machines or rolling-mills as now 

commonly constructed and known to me the 
ingot or cake cannot be reduced directly into 
the form of a slab, for when a two-height ma 
chine is used-that is, a machine composed 
of two rollers-the metal can only be reduced 
in one way-that is, it can be fed through the 
rolls from only one side of the machine-and 
consequently the said metal on its passage 
over the upper roll from the discharge to the 
feed side of the machine, becomes too cool to 
be worked-that is, it becomes too cool for 

the necessary amount of manipulation to 
produce a slab. So, also, when the machine 
is what is known as a “three-height' ma 
chine-that is, a machine composed of three 
rolls-the lowest one of which has fixed or 
stationary bearings, the slab cannot be re 
duced directly into sheet form of the desired 
thickness or size, for the rolls would not be 
sprung or forced apart by the thin piece of 
metal sufficiently to obtain a stationary bear 
ing for the upper rolls to draw or take hold 
of the metal, even when the latter is of such 
temperature as to permit of its being drawn 
or rolled. Furthermore, the three-height ma 
chine as now constructed cannot be used as a 
finishing-machine, because the upper rollscan 
not be forced apart sufficiently to allow of 
their being ground and polished to obtain a 
perfectly-finished sheet. 

In accordance with my present invention 
the ingot or cake may be reduced and finished 
in a single three-height machine or rolling 
mill in which the center roll is provided with 
fixed or stationary bearings and the upper 
and lower roll with adjustable bearings, the 
Said rolls having suitable grooves to corre 
spond to the thickness of metal being re 
duced when used for reducing yellow metal. 
The particular features of my invention 

will be pointed out in the claims at the end 
of this specification. 

Figure 1 is a front elevation of a machine 
or rolling-mill embodying my invention; Fig. 
l, a detail to be referred to; Fig. 2, an end 
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elevation of the machine shown in Fig.1, look 
ing toward the right; Fig. 3, a top or plan view 
of the machine shown in Fig. 2; Fig. 4, a de 
tail of the carriage to be referred to; Fig. 5, 
a top or plan view of a sufficient portion of 
the turn-table portion of the apparatus to en 
able the operation of the said turn-table to be 
readily understood, and Fig. 6 a transverse 
section of the turn-table shown in Fig. 5 on 
line ac (c. 
The l'olling-mill portion of the apparatus, 

in accordance with my invention, is composed 
of three substantially horizontal rolls a ca'a, 
arranged above each other to form what is 
technically known as a “three-height' ma 
chine. The rolls at a' Chave suitable bear 
ings, as will be described, in uprights act', 
secured to or forming part of a base Ct. The 

ICO 



O 

25 

35 

45 

55 p. 

65 

2 449,145 

middle roll (t' is supported at its opp psite 
ends by lower bearing-blocks (t", Secured to or 
forming part of the uprights act', as clearly 
shown in Fig. 2, and the upper bearing block 
or box (t" is made independent of the frame, 
but is prevented from being moved upward 
by lugs or projections a on the inner side of 
the uprights a ca, the said upper box or bear 
ing being made fixed or stationary by one or 
more shims a', interposed between the said 
beariug-blocks, the said upper box and shim 
being made stationary by suitable keys ca', 
interposed between the said box and the lugs 
a. The upper roll a is supported in movable 
bearing-blocks (ta', and the roll (t' is sup 
ported in movable bearing-blocks act', the 
said blocks being guided in their movement 
by guides (shown as plates or bearings) a', 
secured to the opposite sides of the uprights 
act', as by bolts a ". The movable rolls (, a 
have their journals supported, as herein 
shown, by auxiliary bearing - blocks 20 21, 
which are slotted on the under side to embrace 
and slide upon levers C. C., pivoted, as at a 
a', to the opposite sides of the upright ca', 
the said levers having their free ends con 
nected, as herein shown, to chains (t. Cli, 
passed about pulley's C'C', located above the 
machine and having attached to their oppo 
site ends weights act. The upper bearing 
boxes or blocks of the movable roll Ci are ad 
justed in an upward direction, as herein shown, 
by means of screw-threaded rodsbb', extended 
from above down through the uprights act'. 
The screw-threaded rods b b' have secured to 
or forming part of them, as herein shown, 
bevel-gears l'b, with which mesh pinions l' 
b° on a shaft l', having bearings in suitable 
boxeslot, herein shown as secured to or form 
ing part of a spindlel", extended into a socket 
in and supported by the bevel-gears Ol', as 
clearly shown in Fig. 3, the Said shaft at one 
side of the machille being provided, as herein 
shown, with a hand-wheel l', by which rota 
tion may be imparted to the bevel-gears bb8 
to raise and lower them to permit of the ad 
justment of the upper roll Cl', as will be de 
scribed. The lower bearing-boxes at of the 
movable roll a’ are normally supported, as 
shown, by threaded rods b b, herein shown 
as extended through bosses Ubi on the un 
der side of the base or bed plate a, the said 
threaded rods having secured to or forming 
part of them bevel-gears lob in mesh with 
inions bib' on a shaft l', having bearings 

in boxes b° 0', secured to or forming part of 
spindles inserted into a socket in the bevel 
gears bb. 
to it a gear-wheel l' in mesh with a gear 
wheel b, mounted on a vertical shaft or spin 
dle ly, supported at its lower end, as herein 
shown, by a bracket b°, secured to the base 
plate of the machine, and at its upper end by 
a bracket b, secured, as by bolt l', to the 
upright a'. The shaft U has fast upon it, as 
herein shown, a turret-wheel b, which is 
adapted to be engaged and turned by a rod 

The threaded rodt has secured 

or handle l, secured to or forming part of a 
collar l', loosely mounted on the said shaft. 
By turning the shaftly by means of the han 
dle or rod b81 the threaded shafts or rods l' 
b' through the system of gears above de 
scribed may be adjusted vertically in the up 
rights (ta' of the frame-work of the machine, 
so as to remove the roll (taway from the fixed 
roll Cl’ to obtain a wider passage between the 
said rolls, or to bring the roll Clinearer to the 
fixed roll a’ to diminish the size of the pas 
sage or opening between the said rolls. The 
rolls Ct. Ct. a are herein shown as reduced in 
diameter, as at 23, to form between the rolls 
at a passages c and c' and between the rolls 
a' and a passages c and c'. The rolls (t. 
Ct' a' are provided at their end of smallest 
diameter with collars c' c c', which are of 
the same or substantially the same diameter 
as the main or unreduced portions marked 
5, 6, and 7, the said collars forming bearing 

7 o 

75 

surfaces for the reduced ends of the rolls. . 
The rolls C. C. Clare connected, as will be de 
scribed, to shafts c cc, supported in suit 
able uprights c' c', and having mounted 
upon them, respectively, driving-gears cl cl: 
ci, the shaft c, as herein shown, forming the 
driving-shaft for the shafts c c'. The shafts 
of the rolls C. C. C. are preferably detachably 
connected to the shafts c c c" by interme 
diate shafts c cic, which are secured to the 
journals of the co-operating shafts of the 
rolls and gears, preferably by thimbles or 
sleeves c. The ends of the rolls C. C. C.? and 
of the shafts cic c' and intermediate shafts 
cc c's are preferably cut out in three places 
to form slots or grooves 10, as clearly shown 
in Figs. 1 and 2, and the thimbles c0 are 
provided on their inner circumference with 
projections 12, which fit into the grooves or 
slots 10, and the Said thimbles are secured in 
place, as herein shown, by blocks 14, fitted 
into longitudinal grooves in the intermediate 
shafts, which grooves register with and re 
ceive the projections 12 of the thimbles c20 
and the blocks 14, and the latter, abutting 
against the ends of the projections J2 of the 
thimbles, pl’event longitudinal movement of 
the said thimbles on the intermediate shafts, 
the said blocks being secured in their grooves, 
as herein shown, by adjustably-detachable 
bands or straps 16. The thimbles co fit upon 
the ends of the intermediate shafts and the 
journals of the roll and gear-shafts somewhat 
loosely, so as to permit of a slight or limited 
vertical movement of the rolls a a”. The up 
rights C. C. have secured to or forming part 
of them cross plates or bars d d", (see Fig. 1.) 
preferably inclined outwardly and having 
their inner ends contiguous to the top sur 
face of the rolls C. a'. The cross-plate d' 
has preferably secured to it an auxiliary 
cross-bar d to form a rest for one end of a 
carrier or supporting-frame d', pivoted, as at 
d, to the main or stationary portion d of the 
said frame, the said stationary portion being 
Supported upon a carriage, herein shown as 
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449,145 
consisting of sides di, supporting axles d", 
having wheels d", the said wheels being adapt 
ed to run on a railway-track d, extended in 
the direction of the length of the rolls, the 
said shafts being provided, as herein shown, 
with gear-wheels did, which mesh with rack 
bars did, located within the track and act 
ing to keep the carriage square or true, for a 
purpose to be herein described. The piv 
oted portion d of the carrier-frame is adapt 
ed to be moved on its pivots, as herein shown, 
by means of a lever d, having one end piv 
oted, as at d, to the under side of the movable 
portion d', and itself pivotally connected, as 
at d, to a link or rod d, secured to a pulley 
block d", provided with a pulley d', adapted 
to be run on a rod d, extended across the 
face of the machine and supported by 
brackets d', secured to the uprights a ca'. 
The apparatus as thus far described con 

stitutes the reducing and finishing machine 
or rolling-mill, and the said apparatus has co 
operating with it a revolving table or plat 
forme, (see Figs. 5 and 6,) herein shown as 
ivotally mounted upon a central post or sup 

porte', and provided on its under side with a 
circumferential beveled rack-bar or gear 
teethe', with which meshes a beveled geare 
on a shaft e", having bearings in suitable up 
rightsee", supported upon a suitable founda 
tion e', which may be the floor of the room in 
which the apparatus is located. The shafte" 
has mounted upon it a gear e, with which 
meshes a gear e' on a shaft e", constituting 
the driving-shaft for the revolving table, the 
said shaft being rotated in any usual or well 
known manner. The table e is supported 
near its circumference by means of wheelse', 
adapted to run on a track or rail e, the said 
wheels having bearings in housingse, herein 
shown as secured to the table e by bolts.e. 
The revolving table e has arranged about its 
circumference a number of molds e, pivotally 
mounted on their under side, as at e, to arms 
or braces e', firmly secured, as by bolts c, to 
the said table, the said mold being supported 
in a substantially horizontal position by a 
cross-bare', connecting the co-operating arms 
or braces et'. The mold ei is preferably 
thickened at one end, as at e', so as to form 
an ingot or cake having a beveled end. One 
or more of the molds et will have located be 
low it a receiving pan or frame e', supported 
at a suitable distance below the mold e to 
permit the latter to be turned over, so as to 
discharge the ingot from the mold into the 
receiving pan or frame. The pan or framee' 
is herein shown as Supported upon an up 
right e°, and is provided in its bottom, as 
shown in Fig. 5, with two longitudinal grooves 
or channels e, into which a forked tool or 
rod may enter to take the ingot from the re 
ceiving-pan and by means of a suitable over 
head railway (not shown) place it upon the 
supporting-frame d". The molds et are filled 
with the yellow metal, which may be taken 
in a molten state directly from a suitable 
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furnace arranged in close proximity to the 
revolving table, and after being filled with 
the metal the mold is carried around until 
it is above the receiving - pan e, and when 
in this position the operator turns the mold 
over and dumps the ingot into the receiv 
ing-pan, the table being revolved at a suit 
able speed to enable the molten metal to 
have become sufficiently set or solidified to 
enable it to be dumped as an ingot or cake. 
The ingot, as above described, is then taken 
and placed upon the Supporting-framed and 
is carried or pushed forward and caused to 
enter the passage c’ between the rolls a? a, 
the said passage being of sufficient width to 
enable the beveled end of the ingot to be in 
serted therein. The ingot on its way through 
the passage c is reduced somewhat and is re 
ceived upon a second supporting-frame d', 
located on the opposite side of the machine 
and not herein shown, and the pivoted por 
tion of the Said frame is raised to return the 
partially-reduced ingot from the rear side of 
the machine through the passage c between 
the rolls C and C', and as the reduced ingot 
issues from the passage c on the front side of 
the machine the operator, by means of the le 
ver d, raises the movable portion of the sta 
tionary frame d' and receives the partially 
reduced ingot, and as soon as the partially 
reduced ingot has cleared the rolls at a' the 
operator drops the movable portion d20 of the 
frame, and at the same time the carriage is 
moved so as to bring the end of the frame. 
supported by it in line with the passage c, 
which is smaller than the passage c. The in 
got is still further reduced on its way through 
the passage c and is returned through the 
passage c', which is still smaller than the 
passage c, and after the metal has left the 
passage c', it being received upon the sta 
tionary frame, the ingot has been reduced to 
the form of a slab of a suitable length, which 
may then be cut up into pieces of suitable 
length. To obtain the necessary or required 
amount or Weight of metal to the square foot 
and yet have the sheets to be finished from 
the said pieces of uniform thickness, after the 
sheets have been cut up they are then reheated 
and passed between the portions 67 of the 
rolls a' d' and are carried back between the 
portions 56 of the rolls C. a' by a guide, shown 
as two metal plates or bars 50 51, secured to 
the cross-bar d' on the rear side of the ma 
chine, and between which the metal sheet 
passes, and issues from between the portions 
5 6 of the rolls as a sheet of the desired thick 
ness, size, and weight. The width of the 
passages between the rollers a and a' may be 
varied--as, for instance, it may be increased 
by revolving the wheel b', so as to withdraw 
the threaded rods b b' away from the upper 
boxes a 0 and permit the weight a to lift the 
roll a bodily upward until the upper blocks 
a' are again brought in contact with the end 
of the adjusting-rods b. As the lever at is 
raised by the weight a?, the auxiliary box a20 
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slides down the said lever and finds its true 
or central bearing position. The lower roll Cl 
may be moved away from the fixed roll ct' by 
turning the shaft b, and as the threaded rods 
18 b are lowered away from the lower boxes 

?t of the said roll the said boxes and roll de 
scend by gravity until again uniformly seated 
in contact with the adjusting-rods. The mid 
dle roll a? always remains fixed or stationary 
with respect to the top and bottom rolls, and 
in this way and by means of the adjusting 
devices above described I am enabled at all 
times to obtain a firm and solid bearing for 
the movable rolls a, a, so that when the metal 
is passed through or between the said rolls 
and the roll a? the said rolls will bite and take 
hold of and reduce the same. 
In finishing the sheets the finishing-rolls 

become worn after use and it is necessary to 
frequently true up the rolls, which is accom 
plished in a two-height machine by lifting 
the upper roll and inserting a polishing or 
grinding tool, usually a board covered with 
emery. In a three-height machine, wherein 
the lowest roll is fixed and the upper and 
middle rolls are adjustable by wedges, it is 
impossible to lift the said middle roll awa, 
from the lower roll, and consequently a polish 
ing-tool could not be inserted between the 
said lower and middle rolls, and therefore a 
three-height machine cannot be used for fin 
ishing the sheets; but by making the middle 
roll stationary or fixed and the lower roll ad 
justable, as described, the polishing-tool may 
be inserted between them and the rolls ren 
dered true. 

It will be seen that the ingots ol' cakes are 
reduced or finished on one machine, thereb 
effecting a saving not only of the cost of one 
machine, but also of the cost of heating the 
ingots or cakes before being manipulated and 
while being reduced in slab form, and also of 
the labor employed to manipulate the metal, 
and at the same time effecting a very consid 
erable saving in time. 

I have described my improved machine or 
rolling-mill as employed for reducing yellow 
metal; but I do not desire to limit myself in 
this respect, as the apparatus may be used in 
reducing and finishing other metals, such as 
copper, zinc, and iron. So, also, I have shown 
the rolls as made to form grooves of varying 
thickness for producing sheets of yellow 
metal; but I do not desire to limit my inven 
tion in this respect, as the rolls may be of 
any desired form, according to the kind of 
work required. 

I claim 
1. The herein-described process of forming 

sheets of yellow and like metal, which consists 
in casting the metal into a mold to form an 
ingot or cake, passing the said cake or ingot 
while in a heated condition between reducing 
rolls to reduce the said ingot or cake directly 
into the form of a slab without reheating of 
the ingot, dividing the said slab into pieces 
of suitable size to produce a finished sheet, 
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and passing the said pieces between rolls to 
reduce the said pieces directly into sheets of 
the required thickness, size, and weight, sub 
stantially as described. 

2. In a three-height rolling mill or appara 
tus, the combination, with a middle roll Ct', 
provided with a reduced portion and with a 
collar c of substantially the same diameter 
as the unreduced portion of the said roll, and 
fixed or stationary bearings for the said roll, 
of a movable upper roll C, provided with a 
reduced portion and with a collar c of sub 
Stantially the same diameter as the unre 
duced portion of tne said roll, movable bear 
ings for said roll, a lower roll as, provided 
with a reduced portion and with a collar c' 
of substantially the same diameter as the un 
reduced portion, and movable bearings for 
Said lower roll, substantially as described. 

3. In a three-height rolling mill or appara 
tus, the combination, with a middle roll at', 
provided with a series of reduced portions of 
varying diameter and with a collar c of sub 
stantially the same diameter as the unre 
duced portion of the said roll, and fixed or 
stationary bearings for the said roll, of a 
movable upper roll C, provided with a series 
of reduced portions co-operating with the re 
duced portions of the rolla' and having a col 
lar c of substantially the same diameter as 
the unreduced portion of the said roll, mov 
able bearings for the roll a, a lower roll a, 
provided with a series of reduced portions 
co-operating with the reduced portions of the 
roll a’ and having a collar c' of substantially 
the same diameter as the unreduced portion 
of the roll, movable bearings for the said roll, 
and means to move the bearings of the upper 
and lower rolls, substantially as described. 

4. In a three-height rolling-mill, the combi 
nation, with a middle roll having fixed or sta 
tionary bearings, of an upper and lower roll 
provided with movable bearings, auxiliary 
bearings for the upper and lower rolls, levers 
to support said auxiliary bearings, and means 
connected to said levers to keep the auxil 
iary bearings in contact with said rolls, sub 
stantially as described. 

5. In a three-height rolling-mill, the combi 
nation, with a middle roll having fixed or sta 
tionary bearings C'C', of an upper roll pro 
vided with movable bearings ct a' and a 
lower roll provided with movable bearings (19 
Ci', threaded rods b l' to move the upper and 
lower rolls toward the middle roll, counter 
balanced levers pivoted to the frame of the 
mill, and auxiliary bearings for said upper 
and lower rolls adjustable on the said levers, 
substantially as described. 

G. The combination, with a three-height 
rolling-mill having its middle roll provided 
with fixed or stationary bearings and its up 
per and lower roll provided with movable 
bearings, of a carrier or supporting-frame pro 
vided with a pivoted portion d’, an elevated 
rod or track supported by the frame of the 
rolling-mill, and means movable on said track 
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to which the pivoted portion dis connected, 
substantially as described. 

7. The combination, with a three-height 
rolling-mill having its middle roll provided 
with fixed or stationary bearings and its up 
per and lower roll provided with movable 
bearings, of a carrier or supporting-frame pro 
vided with a pivoted portion d and a sta 
tionary portion d', a movable carriage to sup 
port the stationary portion of the carrier, a 
rod or track d, extended across the face of the 
machine, a pulley movable on said track, and 
means to connect the movable portion of the 
carrier or supporting-frame with the pulley, 
to operate Substantially as described. 

S. The combination, with a three-height 
rolling-mill having its middle roll provided 

with fixed or stationary bearings and its up 
per and lower roll provided with movable 
bearings, of a carrier or supporting-frame pro 
vided with a pivoted portion d', an elevated 
rod or track supported by the frame of the 
rolling-mill, means movable on said track to 
which the pivoted portion d is connected, 
and a turn-table provided with a series of 
pivoted molds, to operate substantially as de 
scribed. 

In testimony whereof I have signed my 
name to this specification in the presence of 
two subscribing witnesses. 

WILLIAM WAIKELY. 
Witnesses: 

JAS. H. CHURCHILL, 
EMMA.J. BENNETT. 


