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To all whom it may concermn: .
Be 1t known that we, EpwIiN NoRTON and

JOHN G. HODGSON, citizens of the United

States, residing in Maywood, in the county of

5 Cook and State of Illinois, have invented a

new and useful Improvement in A pparatus for
Manufacturing Sheet Metal, of which the fol-
lowing 1s a specification. | -
- Ourinvention relates to apparatus for mant-
1o facturing sheet metal directly from molten
metal without first casting the metal into an
ingot or billet and then rolling and rerolling
1t to reduee its thickness. - | o
Heretofore attempts have been made to pro-

15 duace sheet metal by pouring the molten metal
1n a flat stream upon the peripheral surface of

a rapidly-revolving wheel or roller the rim
of which is hollow and filled with water, which
circalates through the same to keep the wheel
cool, so that it will solidify the stream of
molten metal as it comes in contact with the
surface of the wheel. In the practical opera-
tion of this method, however, we have found
- great difficulty in producing the same smooth
25 and planished surface upon both sides of the
sheet produced, and also in producing the

- sheet metal of the requisite degree of uniform-
ity. Heretofore, also, attempts have or may
have been made to produce metal bars, rails,
or plates by pouripg molten metal between
two revolving rollers, the molten metal dam-

20

20

- ming up and collecting in the space aboveand

between the rollers, as shown and described

in the patent to Bessemer, No. 49,053, of 1865.

35 This method is objectionable, if .not impracti-
~ cable, by reason of the body of molten metal
above the meeting-line of the rollers and in
contact with the rollers either becoming chilled
and solidified before passing through the roll-
ers or else so heating the rollers as to prevent
their properly chilling the issuing stream of
nrolten metal which passes between thiem. By
our improvement we obviate the difficulties of
both these old methods and provide a success-
ful and practical means for producing sheet
metal of uniform thickness and having both

1c
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sides smooth and even; and it consists in pour-

~ Ing the molten metal in a flat and wide stream
‘between two wheels or rollers having smooth
~ 50 peripheries and revolving at an equal or

or begins to pass between the rollers or wheels,

greater surfaee,épeed than the velocity of the
falling stream, so that the molten metal ean-

‘not dam up or collect in a body above the

meeting line of the wheels or rollers at the -
space between them, and thus either become 55
chilled by the rollers or rapidly heat the roll-
ers. By this means the wide flat stream of
molten metal comes in contact with the roll-
ers only at their meeting-line, and this mo-
mentary contact we have discovered by ex- 6o
periment is sufficient to set the molten metal
and 1nstantly .convert the wide flat liquid

‘stream into sheet metal.

Aunother improvement also consists in pour-
ing the stream of metal directly between the
two wheels or rollers, the direction of the
stream being tangential to both rollers or
wheels, so that the stream of molten metal
will be equally acted upon by both wheels,and
thus produce the same smooth and polished
surface on both sides of the sheet. Where the
cross-section of the stream of molten metal is

70

the same or about the same as that of the strip
of sheet metal to be produced—that is to say,

Lbe same as the space between the peripheries 7z
of the two rollers at their meeting-line—the
surface speed of the rollers need only equal
or about equal the velocity of the issuing
stream of molten metal; but where the sheet

metal 1s to be made thinner than the issuing 8o

stream of molten metal the surface velocity of
the revolving rollers is correspondingly in-
creased, in order to prevent the molten metal
collecting and damming up in the space be-
tween and above the rollers. |
In praeticing our invention we ordinarily
drive the rollers at a uniform surface speed of
from three hundred to five hundred feet per
minute, and then regulate the size or thick-
ness of the stream of molten metal to the par-
ticular thickness of sheet metal desired to be
produced by varying the size of the gate or
nozzle through which the stream of metal is-
sues. As the flat stream of metal is in a liq-
uid or molten condition at the time it passes g5

8'5
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little if any spreading strain or pressure is
exerted upon the rollers to force them apart,
and 1t 1s therefore comparatively easy to keep

| the space or opening between the rollers uni- “1Q0Q
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- gkilled in the art may be desirable, especially
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form and produce asheet of metal of absolutely.
uniform thickness. o o

Our invention also consists in the novel de-
vices and novel combinations of devices or
parts herein shown and described, and more
particularly pointed out in the claims.

In the accompanying drawings, which form
a part of this specification, we haveshown one
form of apparatus embodying our inventfion,
and that which we deem to be the best form
for use in practicing thesame. Theapparatus
so shown in the drawings is one which we have
used and designed specially for use in the man-
ufacture of sheet-solder, which is an alloy of
tin and lead. This machine fully embodies the
principle and mode of operation of our inven-
tion, and may be used without change in the
manuafacture of other sheet metals than sheet-
solder, though with certain metals certain
changes of construction obvious to those

in the crucible and heating apparatus.

In said drawings, Figure 1 is a side eleva-
tion of the apparatus; Fig. 2, a plan view.
Fig. 8 is a vertical section on line 3 3 of Hig.
2, and Fig. 4 is a horizontal section on line 44
of Fig.1. Fig.bis a detail horizontal section
on line 55 of Fig. 3.

In the drawings similar letters of reference
indicate like parts in all the figures.

In said drawings, A represents the frame of
the machine. This may be of any strong and
suitable construction. - B
~ B B are a pair of hollow rollers or wheels
having smooth peripheries b, revolving to-
ogether, with a slight space, &', between them
at their meeting-line, or the line joining the
centers. The space between these hollow
wheels or rollers is equal to the thickness of
the sheet metal desired to be produced. These
wheels or rollers have hollow shafts or axles B’
B’, which are journaled in suitable bearings, B
B, on the frame of the machine, The bearings
B? B*are made adjustable on the {rame, so that
the axes of the hollow wheels or rollers may be
adjusted parallel to each other and the rollers

- set closer together or farther apart, according

RO

_screws B°.
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to the thickness of the sheet metal desired to
be produced. The adjustment of these jour-
nals or boxes is effected by the adjusting-
3. The openings & 0® at one end of
the hollow shafts B’ B’ lead into the interior
space of the hollow wheels or rollers B at the
center thereof, and communicate at their outer

ends with the water-supply pipes %°5* throngh

- the packed joints or couplings b*. 'The holes

or-openings b° in the opposite end of the hol-
low shafts B’ communicate through the radial
branch pipes b® with the hollow wheels B near
theirperipheries, and they are connected tothe

~ water-exit pipes 07 through the packed joints
~ or couplings 5%, By this means the entire in-

‘terior of the hollow wheels B B are or may be
kept full of water and a constant circalation
- of water through the same maintained. ‘The

connection of the inlet and outlet water-pipes
might, of course, be reversed, the inlet-pipes

382,319

. communicating with their wheels B B at their -

peripheries and the outlet at their centers; bubt
the better way is that shown in the drawings
and before described, as the centrifugal action
of the revolving wheel§ tends to throw the
water to the periphery, and thus quickly dis-
tribute the incoming cold water to the periph-
ery of the wheel, where it is needed to cool the
metallic rim, which tends to become heated by
contact with the molten metal. By locating
the inlet and outlet pipes oneat the center and

one at the periphery of the hollow revolving

wheels B B a thorough circulation of the water
is occasioned inside the wheel before 1t can
escape therefrom. This circulation of the
water would not be so well effected if the inlet
“and outlet pipes both communicated with the
hollow wheels at their center or both at their
periphery. ‘
‘geared together by gears B* B". .
C C are scrapers or clearing devices, consist-
ing, preferably, of blades of soft metal—like
copper, for example—so as not to scratch the
peripheral surface of the wheels B B, and lo-
cated beneath the meeting-line of said wheels
in position to strip thesheet metal, x, {rom the
periphery of either wheel in case it should ad-
here or tend to adhere thereto. These strip-
ping-blades are mounted on arms ¢, attached
to the pivoted levers or handles C' C, so that
they may be readily moved into or out of con-
tact with their respective wheels B B.

- D is the pouring nozzle or vessel, having a
d, through which a

vertical slit or opening,
thin wide flat stream. of molten metal may
issue directly between the two wheels B B and
in a direction tangential to both, so that said

g

stream will equally strike the periphery of -

both wheels and be equally acted upon on
both sides by contact therewith., The lower
end, lip, or mouth of this pouring-nozzle is or
should be brought down as low or near to the
meeting-line of the wheels as possible, so that
the stream of molten metal may have but a
slight distance to fali after leaving the nozzle.

73
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The shafls of the wheels B B are

90
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The nozzle D is furnished with a valve or gate, .

d’. This valve may be of any suitable con-
struction; but we preferably employ a cylin-
drical plug-valve having a slot or opening
through the same.
furnished with a handle or lever, d’, for op-

erating the valve and for adjusting it to any

desired position to regulate the size or thick-
ness of the outlet. This valve-lever is ad-
justed into any desired position by means of
the arc E, sliding block e, having set-screws ¢/,
which afford an approximate adjustment, and
by means of the adjusting-screw ¢°, threaded

on the bloek ¢, the head of which bears against
the handle @% and thus affords a means for

accurate adjustment of the pouring outlet or
opening.
zle or vessel D is, for convenience as well as
for nicety of construction, made in two parts,
one of the parts being integral with the ves-
sel D itself and the other part, @’ being se-

cured thereto byF_Set:ScreWS dé. | The p&l‘ft dgj-

TI§

The shaft of this valveis

I20

125

The lower end of the pouring noz-
130 "
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~from a horizontal plane passing through the
35

- .thereto—~the mouth of the pouring-nozzle may

10

45

 ing wheels B B.

50

. however, T prefer to employ gaseous fuel, as
- thereby the flame may be. projected direetly

RE

- vided with shoulders @® °, which fit together

1ng the pouring outlet or opening in the noz-

pouring nozzle or vessel D and the revolving

382,319

as well as the part upon which it fits, is pro-

at the two ends or edges of the nozzle, as clearly
indicated in Fig. b, these shoulders thus form-

zle. - |

~ The sides or walls of the pouring-vessel D
should be curved or made wedging, as indi-
cated at ¢’ in the drawings, so that the pour-
Ing-vessel may fit lower down between the
wheels or rollers B B. - B

- The pouring-vessel D is mounted upon an
adjustable frame or support, ', so that the
pouring mouth, slit, or opening d of said ves-

3

- serves In part to shield and protect the wheels
B B from the flame and heat.. This hood D,
for convenience of construction, is preferably
cast integral with the frame or plate F, which
supports the vessel D. We provide the ves-
‘sel Dwith a flange or shoulder, D? which rests

‘upon the plate F.

- H represents a crucible or heating-vessel in 75
which the metal-to- be converted into sheet
metal is melted or kept in a molten condition.
This crucible should be of comparativelylarge
size, so that it may hold a considerable sup-
ply of { A pipe, H, leads from 80

70

molten metal. _
the crucible H to the pouring-nozzle D and
serves to conduct the molten metal in a con-

sel may be accurately adjusted in relation to
the middle line between the wheels or rollers
B B, so as to enable the molten stream of metal
to be accurately directed into the space be-
neath the revolving wheels. Thevessel D or
its frame or support F may be thus adjusted
by any suitable means. We prefer, however,
to effect the adjustment of the vessel D by
mounting its support ¥ on four adjusting-
screws or adjustable standards, f f/ f* 5. By
turning the nuts of all four of these adjusting-
screws equally the mouth of the pouring-noz-
zle may be adjusted up or down without affect-
Ing 1ts position in respect to the meeting-line
of the wheels B B, and without affecting the
direction of the steam issuing therefrom. By
turning the nuts of the two serews on oneside,
one corner of the pouring-nozzle may be tilted
up or down or brought closer to or farther

axes of the rollers. " By turning the outer or
the inner end pair of nuts—that is to say, the
two farther from the vessel Dor the two nearer

be moved or adjusted nearer to one wheel or
the other, as may be necessary to bring the
same accurately to the middle line between
the two wbeels. It will thus be seen that by
means of these four adjusting-screws any de-
sired adjustment may be given to the pouring-
nozzle necessary to direct the issuing stream
of molten metal properly between the revolv-

The vessel D is heated and the metal therein

kept in a molten condition by means of gas |

Jets or buorners G or other suitable heating
devices. For heating this pouring - nozzle,

against the nozzle and the same kept at the
requisite temperature without imparting any
great amount of heat to the wheels B B; and
by combining gas‘burning heaters with the

wheels or rollers B B we are enabled to ac-

complish the important result of bringing the |
pouring-nozzle well down between the revolv-

ing wheels. We locate, or preferably locate,
~one of the gas-burners G very near the lower
end of the pouring-nozzle at each edge thereof...

To concentrate the flame upon the vessel D,
we provide sald vessel with an annular hood,

tinuous supply to the pouring-nozzle. This
conductor-pipe is kept hot by means.of a se-
ries of gas jets or burners, . These burners
may be simply holes in the gas-pipe 2. The
crucible H, at the opening therein leading
1nto this conductor-pipe, is furnished with a
valve, H* which may be opened or closed by
the valve-operating wheel H® and screw con-
necting-rod H'., When in operation, the metal
to be fused may be supplied continuously to
the crucible H as fast as the molten metal Aows
therefrom; or,where it is desired to produce
sheets or strips of sheet metal only a few thou-
sand feet long, the crucible may Le filled with.
metal at intervals, fused and drawn off, and
then refilled, the revolution of the wheels or
rollers B being stopped during the heating
operation. The vessel H may be heated in 100
any suitable manner. Where the metal being
operated upon is solder or other like easily-
fusible metal, the, crucible may be conven-
lently heated by a number of gas jets or burn-
ers, K, placed under the same. - |
- K’ represents the gas supply pipes, and B2
air-supply pipes connected with the burvners,
as the gaseous fuel which we have used in the
machine shown in the drawings has been that
made from gasoline, in the use of which, as is
well known, separate
commonly employed. - | |
N represents the driving-pulley, secured to
a counter-shaft geared to the shaft of one of
the revolving wheels or rollers B. By eans rrg
of this driving-pulley and a suitable belt, n, =
from a pulley on a counter-shaft on an engine
or other source of power, the wheels or rollers
B B are revolved at an equal or greater sur-
face speed than the velocity of the stream of 120
‘molten metal, ', issuing from the opening d of
the pouring-nozzle D, so that the flow of the
metal will not be obstracted by contact with
the wheels or rollers B B, and be thus dammed
up or collected in the space above and between-
said rollers, where it would tend to- be chilled -
by them and impart its heat to them. |
~ Thesurfacespeed of the wheels B B which we
in practice have commonly employed ig zbout
four handred feet per minute, thus producing 130
four hundred lineal feet of sheet metal strip =
perminute. Thissurfacespeed may,however,
be materially varied without departing from

90

11O
gas and air pipes are

125

DY, surrounding the same. This hood also.

our invention. As the peripheral surfaces of .
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. the rollers B B are traveling by or away from | the peripheries of the wheels B B at their

the mouth of the nozzle at an equal or greater

 speed than the velocity of the ﬂowmn* metal

1o
20
25

3C

39

with which they come in contact, the Tevolv-

ing wheels tend to facilitate the fow of metal
with which they come in contact and in a
measure to draw the metal from the nozzle
rather than to in any way obstruct the flow of
the issning stream. As the peripheries of the
wheels do not come 1n contact with the wide
thin flat stream of molten metal except at their
meeting point or line, and at the very instant
1t 18 ch‘mgmg from a liquid to a solid state,
the passing stream of metal exerts little or no
spreading pressure upon the wheels to force
them apart, and thus to increase or vary the
distance between the rollers, and thereby cause
variations in the thickness of the sheet metal
produced, as would necessarily be the case if
the rollers were subjected to violent and vary-
ing strains or pressures. Ior this reason,also,
it requires very little power to run the appa-
ratus and revolve the wheels B B at any ve-
locity desired. Owing, also, to the very lim-
ited portion of the periphery of the wheels B
B which at any instant is 1n contact with the
molten metal and receiving heat therefrom,
the temperature of the wheels B B is easily

kept nniform and may be kept at any desired
By increasing or diminishing the

degree..
capacity of the inlet and outlet pipes,or of the
velocity of the water lowing through thesame,
the temperature of the wheels may be gov-
erned and the apparatus adapted to produce
sheet metal of greater or less thickness.

The length of the wheels or rollers B B may
be increased or diminished, according to the

- width of the mretal sheet desired to be pro-

10

duced. The wheels B B shown 1n the draw-
ings are comparatively short, as the machine
illustrated iIs one designed for use in mann-
facturing narrow sheet-solder strip for a spe-

- clal parpose.

5

P represents the chute or opening below the
machine through which thestrip of sheet metal

produced issues.
The wheels or rollers B B have smooth un-

" flanged peripheries, so that any slight ine-

53

qualities or lack of uniformity in th_e size of
the flowing stream of molten metal will be

compensated for at the edges of the strip of |

sheet metal produced by varlations in the
width. Where the stream does not flow with
absolute uniformity in size or velocity in re-
spect to the surface velocity of -the wheels B

- B, the edges of the sheet-metal strip will be

60

somewhat serrated, the inequalities 1n the
flow being compensated for by such variations
in the width of the strip, its thickness bemg
maintained uniform.

The length of the slot or opening d in the
pouringnozzle D should preterably be equal
to or about equal to the width of the strip of
sheet metal designed to be produced. The

nozzle or pouring vessel D should be adjusted
so that it will lie or extend directly above and
parallel to the space or opening b between

meeting-line.

The wheels B B have an equal surface speed,
and they,of course,should preferably be of the
same diameter.

As the rollers or wheels B B have smooth
unflanged peripheries, strips of sheet metal
from any desired width from the narrowest
up to the full length of the rollers may be
made upon the same machine by simply regu-

lating the width and thickness of the stream
of molten metal and the velocity of the re-
This 18 a great advantage 1n

volving wheels.
the practical use of our invention, as it obvi-
ates the necessity and expense of making sepa-
rate pairs of rollers for each different width
of sheet metal desired to be produced.

We claim—

1. The apparatus or machine for manufac-
turing sheet metal, consisting in a pair of
smooth revolving chilling rollers or wheels
with a space between their peripheries at their
meeting-line equal to the thickness of the sheet
metal to be produced and a pouring nozzle or
vessel having a discharge opening or slot at

70

80

85
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its lower end or bottom directly aboveand ex-

tending parallel to said space between the pe-

| rlpheues of said rollers, so that the stream of

molten metal issuing from said pouring nozzle
or vessel may flow in a direction tangential.to
both said rollers, substantially as specified.

2. The combination of two revolving chill-

ing-rollers, a pouring -nozzle above and be-
tween them and means for driving or revolv-

03

100

ing sald rollers at a greater surface speed than

the velocity of the flowing stream of molten

metal, substantially as specified.

3. The combination, with a pouring nozzle
or vessel having a long narrow discharge-open-
1ng, of a pair of chilling-rollers revolving with

a space between them equal to the thickness
of the metal sheet to be produced and at a
sufficient surface speed 1n respect to the space
between the rollers, the size of the discharge-
opening, and the velocity of the flowing stream
of molten metal so that the molten metal can-
not collect above and between the rollers, sub-
stantially as specified.

4. The combination, with a pair of revolv-
ing rollers, of a pouring nozzle or vessel above
and between them and a heater for heating
said vessel, substantially as specified.

5. The combination, with a pair of revolv-
ing rollers, of a pouring nozzle or vessel above
and between them, a heater for heating said
vessel, and a erucible or vessel for holding
molten metal, and a pipe or conductor leading
therefrom to sald pouring vessel or nozzle,
substantially as specified.

6. The combination, with a pair of revolv-.

ing rollers, of a pourmn‘ nozzle or vessel above
and between them, a heater for heating said
vessel, a cracible or vessel for holding molten
metal, a pipe or conductor leading therefrom

to said pouring vessel or nozzle, and a heater
for heating said pipe or conductor, substan-

tially as specified.

I'_'TS
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- 45 on adjustable bearings to regulate the thick-
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7. The combination, with a pair of revolv- | lower end, support K, and four adjusting- 6o

ing rollers, of a pouring nozzle or vessel above
and between them and a heater for heating
- 8ald vessel, said heater consisting of gas-burn-
5 ers, substantially as specified. : |
| 8. The combination of a pair of revolving
wheels or rollers having a space between them
equal to the thickness of the metal to be pro-
- duced, a pouring nozzle or vessel, and a cruci-
o ble connected with said pouring nozzle or
~ vessel, substantially as specified. S
9. The combination, with a pouring-hozzle
havingalongnarrow dischargeslot or opening,
of a pair of hollow revolving rollers or wheels
15 having a space between their peripheries
at their meeting-line, into which the stream
- of molten metal issuning from said pouring-
nozzle is directed, said wheels revolving at an
. equal or greater surface speed than the veloe-.
20 1ty of said flowing stream of molten metal, the
- shafts of said wheels or rollers being hollow
‘and communicating at one end with an inlet
water-pipe and at the other with an outlet wa-
ter-pipe, substantially as specified. |
25  10. The combination, with a pouring nozzle
having a long narrow discharge slot or open-
ing, of a pair of hollow revolving rollers or
wheels having a space between their periph-
eries at their meeting - line, into which the

20 Stream of molten metal 18suing from said pour- |

- Ing-nozzle is directed, said wheels revolving
ab an equal or greater surface speed than the

velocity of said flowing stream of molten metal,
the shafts of said wheels or rollers being hol-

35 low and communicating at one end with anin- |

let water-pipe and at the other with an outlet
~water-pipe, the inlet water-pipe communicat-
ing with the interior of the roller near its cen-
ter and the outlet near its periphery, substan-
40 tially as specified. o |
N 11. The combination, with a pair of revoly-
1ng chilling wheels or rollers, of a pouring
nozzie or vessel above and between them, one
- or both of said wheels or rollers being mounted

ness of thesheet metal produced,substantially
as specified. | | o
12. The combination,with a pair of revoly-
: Ing rollers, of an adjustable pouring-nozzle
50 aboveandbetweenthem,substantially asspeci-
- fied. " |
L3. The combination of a pair of revolving
wheels or rollers, B B, pouring nozzle or vessel
D, having discharge-openings d, and support
- 55 F for said vessel mounted on one or more ad-
justing-serews, substantially as specified.,
14. The combination, with the revolving
rollers B B, of pouring-nozzle D above and be-

tween them, having discharge-opening d at its |

serews, f f7 f* /°, substantially as specified.
15. The combination, with revolving rollers
B B, of pouring nozzle or vessel D above and

| between them and made of a curved or wedg-

ing shape to permit the lower end of said noz-
zle to project down near the meeting-line of
sald revolving rollers, substantially as speci-
fied. o . o

16. The combination, with revolving rollers
B B, of pouring nozzle or vessel D, located

above and between them, a gas or other heater

for projection of flame against said pouring
nozzle or vessel, and a hood, as D', surround-
ing sald vessel to confine the heat, substan-

tially as specified.. - |
17. The combination,with revolving rollers

B B, of pouring nozzle or vessel D,having dis-
‘charge slot or opening d at its lower end, and

a valveor gate,d’,to regulate the discharge-ori-

fice, and an adjusting handle or lever forsaid

valve, substantially as specified.

18. The combination, with revolving rollers
B B, of pouring nozzle or vessel D, having dis-
charge slot or opening d at its lower end, and
a valve or gate, @, to regulate the discharge-

‘orifice, and an adjusting handle or lever for

sald valve, arc E, sliding block e, and adjust-

ing-screw ¢ substantially as specified.

~ 19. The combination, with a pair of revolv-
ing rollers B B, of a pouring nozzle or vessel,
D, above and between the same, and a dis-
charge-chute, N, below said rollers, substan-
tially as specified. | - |
20. The combination of a pair of revolving
rollers having smooth unflanged peripheries,
and having a spaece .between them equal to
the thickness of the sheet metal to be pro-
duced, with a pouring nozzle or vessel located

above and between said rollers, whereby any'
inequality in the flow of the metal in respect

to the velocity of the revolving wheels is com-
pensated for by variations in the width of the
strip of sheet metal produced and the sheet
metal made of uniform thickness,substantially
as specified. S |
21, The combination, with a pair of revolv-
ing wheels or rollers having smooth and un-
flanged peripheries, of a pouring-nozzle above

and between them provided with a valve or

gate for regulating the size of the issuing
stream, whereby sheet-metal strips of differ-
ent widths may be produced on the same ma-

-chine, substantially as specified. |

EDWIN NORTON.
JOHN G. HODGSON.
Witnesses: | | |

H. M. MUNDAY,
R. H. MUNDAY. -
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