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LESLIE E. HOWARD,

OF L.OCKPORT, NEW YORK, ASSIGNOR TO STMONDS MANUFACTUR-

ING COMPANY, OF FITCHEURG, MASSACHUSETTS, A CORPORATION OF MASSACHU-

SETTS.

INGOT CASTING AND COMPRESSION MACHINE,

1.056,101.

" Specification of Letters Patent.

Patented Mar. 18,1913

Application filed May 24, 1912. Serial No. 699,410,

To all whom it may concern: "

Be it known that I, Lesuie E. Howarp, a |

citizen of the United States, and a resident
of Lockport, county of Niagara, State of

New York, have invented certain new and

“useful Improvements in Ingot Casting and

Compression Machines, of which the fellow-
ing is a specification.

This invention relates particularly to that
class of ingot compression machine wherein
lateral pressure is applied to the ingot dur-
ing the cooling of the latter, for the purpose
ot preventing the formation of blow-holes
and eavities in the ingot due to the sepa-
rating out of gases from. the steel compris-
ing the ingot during the cooling of the
same, and the formation of the defect
known as “piping,” resulting from the
shrinkage of the material after the sides
and bottom of the ingot have set and har-
dened and while the center is still molten,
which condition allows the molten material
frem the upper portion of the ingot to feed
down and partially replace that drawn to-
ward the sides and bottom of the lower por-
tion of the inget, due to shrinkage in
cooling.

In my Patents No. 922587 granted May
95, 1909, and No. 926489 granted Jupe 29,
1909, I have described two forms of appa-
/ a hydraulic
press of special design and; combined there-
with, ingot meclds so placed that lateral
pressure 1s applied from the hydraulic rams
of the press to one or more movable sides
of the molds; and in each such apparatus
the steel is poured from a suitable container,
such as a 1adle_(: directly into the molds con-
{ained within the press frame-work, and
without re-
moving them from the press. In my pat-
ents above mentioned I have drawn atten-
Gion t6 the desirability of continuing the

‘pressing operation for some time after the

irigots have become -Solid, so as to obtain a
certain forging or kneading effect similar
to that obtained in hammering and forging
with. heavy hydraulic forging presses, both
of which operatiens are well known 1n the
art. | I have found in the practical opera-
tion -of my ingot comnressing machines, as

_covered by my former patents above identi-

fied, that it is desirable in certain classes of

“steel to divide the operations of casting and

compressing. It is found that for certain

classes of steel the material from which the
mold is made is not a suitable material for
compressing .dies, and, vice-versa, it is also
found that a material which will stand up
and be commercially practicable for the
work of compression dies does not work out
well when made into molds into which the
molten steel is poured.

T am aware that attempts have been made
in the past to take ingots from the molds
in which they were poured before they were
entirely solidified and give them subsequent
opeératlons, such as passing them,through a

air of live rolls, squeezing them in a so-
called bulldozer, and other forms of appa-
ratus of like nature; and in all of these
forms of apparatus two defects fatal to the
method were found. One is that the time
elapsing frem the stripping of the mold-
from the ingot to the commencing of the
compressing operation or rolling operation
is so great that, to use an expression coin-
mon in the art, the ingot becomes “air
struck,” resulting in a large number of air-
bells or minute blowholes some little dis-
tance under the surface or skin of the ingot,
and these are not removed or cured by the
subsequent operations on_the ingot. The
second defect in these various forms of ap-
paratus is that the compressing action,
whether it be in compressing molds, bull-
dozers, or squeezers of various sorts, occu-
pies so short a space of time that, on the one
hand, the ingot either shrinks considerably.
after the operation is finished or, on .the
other hand, is allowed to cool to a point
previous to this compression action where
the pipes and other defects of like nature
are’ very well defined and never can be
wholly cured after once formed and metal-
lic oxids allowed to cool on the surface
of such cavities. I have further observed,
with respect to the cross-sectional forms ‘of
the compressing dies heretofore used and
the direction of the application of pressure
thereto, that when' the pressure is applied
in a direction normal to a flat side or 'wall

of the die there is a marked tendency fo~

spread or bulge the ingot laterally in a di-
rection at right-angles to the direction of

the pressure, sometimes resulting in crack-
‘ing the ingot; and this is especially liable

to happen where the joints of the die are
located in the walls which oppose such
spreading or bulging tendency or such -walls
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are not strongly supported against vielding.
In my present invention I have dimed io
overcome all these inherent defects and, in
addition, to produce an apparatus that will
be durable, easily operated, and will place

and subject to the judgment of the operitor;
and especially one in which the forging op-
eration, after the ingot has become solid,
may be carried to any. extent desired and be.
limited only by the power delivered to the
press. ' )

In carrying out my luvention, 1 provide
a hydraulic or other mechanically opes-
ated press equipped with one or more com-
pressing dies, and immediately above each |
such compressing die is arranged a casting
mold of a cross-sectional form correspond-
ing substantially with that of the underly-
ing die, but preferably made in two oy more
separable longitudinal sections, the veruical
axis of each mold being in substantial aline-
ment with the vertical axis of the underly-
Ing compressing die; and in cobperation
with said mold and die I provide means for

lowering a freshly cast ingot, without shoclk

or jur, directly from the mold into the die
for subsequent compression or squeezing in .
the latter. The preferred form of mold and .
die which I employ is rectangular in cross-
section, but so disposed that the joints are
n a plane that bisects the cross-section di-
agonally, while the line-or direction of pres-
sure is normal to such diagonal plane, for
reasons that will hereinafter more fully ap-
pear.

In the accompanying drawings T have
illustrated one practical embodiment of my
invention, in which—

Figure 1 is a view in side elevation of the
apparatus, showing the casting mold on one
side closed and in readiness to receive the
pour. Fig. 2is a view similar to Fig. 1, but
showing the casting mold in open or dis-
charging position and the ingot lowering
device in its lowermost position, Fig. 8is a
top plan view of the apparatus. Fig. 4 is
a top plan view, but with the casting
molds and their actuating mechanism. omit-
ted to more clearly show the structure of the
compressing dies. TFig. 5 is an enlarged de-
tail elevation, partly in vertical section, of a

oblique to the

ingots from the molds intg the compressing
dies. Tig. 6 is a similar view of the parts
shown in Fig. 5 in a plane at right-angles
to the plane of the latter figure.

Referring to the drawings, 5 designates
each of a pair of parallel side-frame mens

bers of the press, 6 an interlocking end-

frame member, and 7

a cylinder casting con:
stituting the other

end-frame member and
formed with a pair of cylinder chambers 8
therein. The frame sections are strongly
and rigidly united by interlocking joints 9 |

=
Crd

ancl 10 (Fig. 4) between (he side and
members and by tie-vods 11.

Slidably fitted within the eylinder cham-
bers 8 are rams or plungers 12, the outer
faces of which abut against a eross-head 13
that is supported on and

n

between the side-
members 5 of the press-frame by ineansg of
flanges 14 on the cross-head resting on the
upper edges of the side-frame members 5,
The other face of the cross-head 13 in turn
abuls against the hack of g movable die-
block 15 that cobperates with g stationary
die-block 16; both of said clie-blocks being
supported on and between the side-members
5 of the press-frame by lateral flanges 17
and 18, respectively. The die-blocks 15 and
16 have formed in their opposite faces V-
shaped recesses 19 and 20, respectively, that
unitedly form the substantially rectabgular
cavities of the dies,

1t will be observed by reference to Wig. 4
that the formation of cach die is suach that
the joints between the mating sections are in
a plane that bisects the cross-section diago-
nally, and that the line or direction of D
sure is normal to such diagonal plane and
two side walls of the die-
cavity on either side of said diagenal plane.
I have found by repeated test that such a
formation and arrangement of compressing
die entirély eliminates the described tend-
ency of the ingot to spread or bulge later-
ally in the divection of the joints between
the two die sections; measurements having
shown that there is, rather, an opposite tend-
ency, viz.,, to slightly contract o condense
the ingot in a'direction transverse to tlie line
or divection of pressure. This not only in-
stres a more uniform and superior product,
but eliminates the danger of cracking the
ingot in any direction under the powerful
condensing pressiure to which it is subjected.

The die-member 15 is loesely connected to
the cross-head so as to be retracted by the
latter by means of hooks 21 on its u pper end
engaging a groove-lile socket 92 in the top
of the cross-head, It 1s, of course, under-
stood that the back of the die-member 16
abuts squarely against the inner face of the
end wall 6 of the frame.

Fluid pressure is
hausted from

the cylinder chambers §

‘through a cored duct 94 in the casting 7

and a pipe 25 leading from a valve 96
through which latter the pipe 25 is alter-
nately connected with a high-pressure sup-
ply pipe 27-and an exhaust pipe 28. The
cross-ead 13 is retracted, in the embodi-
ment of the invention herein illustrated, by

power mechanism comprising a cylinder 29°

secured to the outer face of the end wall
casting 7, a plunger 80 in said eylinder, a
cross-head 31 on the outer end of said
plunger, and pull-bars 32 connected at their
outer ends to the ends of said cross-head

supplied to and ex-
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and at their inner ends formed with hooks
33 engaging grooves 34 formed in the op-
posite sides of the cross-head 13. A branch
pressure-fluid supply pipe 35 leads from the
supply-pipe 27 to the inner end of eylinder
29, whereby the cross-head 13 is normally
maintained fully retracted and the con-
pressing dies open; the cross-section of the
plunger 30 being so small relatively to the
cross-sections of the rams 18 as to make it
unnecessary and practically inexpedient to
equip the cylinder 29 with fluid-pressuve
controlling valves.

Secured to the outer sides of frame mem-
bers 5 and extending beyond the latter ave
a pair of horizontal bars 36 that form a
track to loeate, guide and support a super-
imposed mold - carrying and operating
frame. This frame comprises two parallel
side members 37, each having a pair, of
wheels 88 at its lower end engaging,the
track-rails 36, said side-frame members be-
ing tied together and held suitably spaced
by tie-rods 39. Located mnear the upper
ends of these side frames are four ‘pins or
studs 40 (Fig. 3) that engage -transverse
slots 41 in the upper ends of tywo pairs of
suspended swing-bars 41, opposing swing-
bars of each pair being tied together by
heavy cross-rods 42 which, in turn, support
the two V-shaped halves 43 of a pair of
molds. These swing-bars form the immedi-
ate mold-supporting and opening and clos:!
ing agents, and they are connected for
simultaneous actuation by a mechanism
comprising, as herein shown, a pair of rock-
ing levers 44 fast on.stub-shafts 45 jour-

Jded in the side-frames 387, curved links
16 connecting the ends of said rocking
levers to the swing-bars, and a bail-shaped
operating handle 47 the arms of which
straddle the side-frames 37 and at their in-
ner ends are fast on'the shafts 45. The
molds, of which there may be one, two (as
shown), or wmore, are of the solid bottom
type, except that the bottom of each mold is
provided witli a round tapered opening, one-
half of which, indicated at 48 in Fig. 2, is,
of course, formed in the bottom of each of
the mating half-sections of each mold. Dur-
ing the operation of pouring the molten
steel into the molds, these holes are closed
Ly tapered plugs 49 loosely mounted on the
upper ends-of the plunger rods 50 of a pair
of fluid-pressure cylinders 51.  As will be
seen by reference to the detail views, Figs:
and 6, the cylinders 51 are rigidly connected
at their upper ends to a combined cylinder-
Liead 51%, the ends of which latter carry
horizontal trunnions 51%, that are mounted
in one end of a pair of approximately hori-
zontal bars 52, the other end of said- bars
being connected to a cross-head 53 fast. on
the onter end of the rod 54 of a piston 55

that operates in a cylinder 56 secured to the !

-

8

outer face of the end frame 7 below the
cylinder 29. TFluid pressure is alternately
admitted fo and exhausted from opposite
sides of the piston 55 through pipes 57 and

58 and a two-way cock 59 controlling the .

communication of said pipes 57 and 58 with
a low-pressure supply pipe 60 and exhaust
pipe 61. The trunnions 51° are also jour-
naled in the lower ends of a pair of swing-
ing links 62 that are suspended from the
side-frame members 53 and fluid pressure is
admitted to and exhausted from the cyl-
inders 51 through a flexible pipe or hose
63, a coupling 63°, and branch pipes $3°°
leading into the cylinders 51; the other end
of hose 63 communicating alternately with
supply and exhaust pipes 68-and 64, respec-
tively, through a controlling cock 65. ®tops
66 on the -side-frames 5 limit the inward
swing of the links 62 to a point at which
the plugs 49 are substantially in axial aline-
ment with the holes in the bottoms of
the superposed molds. For guiding the

plunger-stems 50 and plugs 49 during their -

upward movement into registration with the
holes in the bottoms of the molds, I employ
on each plunger-stem a collar 67, from op-
posite sides of which extend a pair of out-
wardly and. downwardly curved spring-
arms 68, as best shown in Fig. 6, said arms
slidably engaging the walls of the separated
die-sections as the plungers rise, and both
supporting the upper ends of said plungers
and guiding the plugs into registration with
the holes in the bottoms of the inolds:

In the operation of the apparatus, the
high-pressure is, as stated, at all times on
the cylinder 29 which holds the cross-head
13 and the rams 12 (upon which at the com-
mencement'of the operation there is no pres-
sure) to their extreme retracted position,
leaving the compressing dies open. The
superimposed molds are closed by depress-
ing the handle 47, which operates the toggle.
opening and- clcsing gear, carrying the same
slightly past the center into a locked post-
tion, as shown in Fig. 1. Low pressure is
then admitted to the inner end of cylinder
56, which causes the cylinders 51 to take
the position shown in Fig. 1 wherein their
vertical axes are in axial alinement with
the vertical axes of the molds, and pressure
is then admitted to these cylinders 51 thus
causing the tapered plugs on the upper ends
of the rams of said cylinders to rise, enter,
and tightly close the bottoms of the molds,
as shown in Fig. 1. The molten steel is then
poured into the molds and, after a brief in-
terval in which the sides and bottom of each-
ingot solidify, leaving the interiors of the
ingots in a fluid state, the molds are opened
by raising the operating handle 47, asshown
in Fig. 2, which leaves the ingots supported
only by the bottom closure plugs 49. After
the molds are fully opened, the valve 65 is
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‘inder chambers 8;

mold hottom closure plug
vifled

i

it

shifted so as to allow the fuid ‘pressure in
evlinders 51 to exhaust, which, in turn, al-
lows the plungers of these cylinders and the
Ingots resting on the upper ends (plugs 49)
of the plungers to gently but positively de-
scend into the compressing dies, Tt should
here be noted that the hot{om closupe plugs
49 not only adt as supports for the ingot
atter the molds ave opened to allow the de-
scent of the ingots into the compressing dies,
but they also act as lo ating points to keep
the ingots in position vertically over the dies
while the molds are being opened, and pre-
vent in a large measure
or clinging to either half of the molds, As
soon as the ingols are lowered into position
in the compressing dies, fluid pressure is
applied to the large high-pressure cylinder
chambers 8, compressing the ingots; there
being such a preponderance of Cross-sec-
tional area, and censequently of pressure, in
the cylinder chambers, as to overcome the
resistance offered by the pull-back cylinder
29 which serves to retract the cross-head and
dies.  Shortly after the pressure has been
applied to the compressing dies (so that the
ingots are held from dropping through the
latter), the action of eylinder 56 is reversed,
whereby the cylinders 51 are swung to one
side of the bottoms of the compressing dies,
as shown by the dotted line position of c¢yl-
inder 51 and its actuating mechanism in
Fig. 2. The compressing operation is con-
tinted until the ingot is quite cold, obtain-
ing in a2 marked degree the forging action

“described in my earlier Patent, No. 926489,

above refeived to. After the compressing
action is completed, the valve 26 is ghifted
to exhaust the fluid pressure from the cyl-
i whereupon the constant
pressure i the eylinder 29 causes the cross.
head 13, the high-pressure rams 12, and the
movable members of the compressing dies
to be retiacted, opening the dies and allow-
g the ingots (o fall through into an under-
Iying pit cr other receptacle,

3y loeating the molds directly above the
compressing dies, it is possible to transfor
the ingot from the former into ‘the latter
with such expedition as to entirely chviate
the “disadvantages hereinabove referred to
as accompanying previous offorts along the
line of the separate molding and conipress-
g process. It shonld he noted, however,
that the lowering of the molded ingot into
the cempressing mold requires a gentle yot
positive action, free from any jarring, since
otherwise fhe aetion of lowering of the ingot
would result in bursting the latter. For
this purpose, the cylinder 51 carrying the
is preferably pro-
at its Dbottom with a soft subber
cushion, indicated at 677, which arrests the
downward motion of the ram without any
shock, although this rabber cushion could,

Tested positively yet

the ingots sticking

specific details of the

1,058,101 -

of course, be veplaced with some form of
pheumatic cushion,—the essential thing be-
ing that the downward motion shall be ar-

yet gently, to avoid danger
of bursting the ingot through jar or shock
on account of the very thin shell of solid
steel and the relatively large " volume of
molten interior,

The object in mounting the
frame structure carrying the mold or molds
upon a track is to enable it to be run to one
side of the press-frame to enable the die or
dies to be readily removed and replaced,
when required, as well as to enable the oper-
ator to more readily observe the behayior
of the molten core or cores during the forg-
ing action, since the proper extent and dura-
tion of the pressuré can be readily deter-
mined by a trained operator by observation
of the metal in the upper end of the ingot or
ingots during such forging action. This
manner of mounting, however, is not essen-
tial.- :

1t will be evident, of course, that the ap-
paratus shown and described might be con-
siderably modified in details, as by the sub-
stitution of other mechanical parts, either
power-operated or manually-operated, for
effecting the operation of the apparatus and
movable parts, without mvolving any de-
parture from the principle of the invention
or sacrificing ‘any of the advantages thereof.
Hence, I do not limit the invention to the
apparatus shown and
described except to the extent clearly indi-
cated in specific claims,

I claim— ‘

1. In an ingot casting and compressing
machine, the combination with a compress]-
ble die, and means for applying lateral pres-
sure thereto, of a mold positioned above and
in substantial axial alinement with said die,
and means for lowering a partially  cooled
ingot from said mold into said die.

2. In an ingot casting and compressing
machine, the combination with a compressi-
ble die, and means for applying lateral pres-
sure thereto, of a mold made in separable
parts positioned above and in substantial
axial alinement with said die, means for
opening and closing said mold, and means
for lowering a partially cooled ingot from
said mold into said die.

3. In an ingot casting and compressing
machine, the combination with a compressi-
ble die, and means for applying Iaterak pres-
sure thereto, of a mold comprising’ a pair of
mating longitudinal sections mounted above
said die, means for separating and bringing
together said mold sections, and means for
lowering a partially cooled ingot from said
mold into said die.

4. In an ingot casting and compressing
machine, the combination with g CoOmpresst-
ble die and means for applying lateral pres-
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sure thereto, of a mold comprising a pair of
mating longitudinal sections, pivotally sup-
ported near their upper ends ahove said die,
means for swinging said sections toward and
vom each other, and means for lowering a
partially ccoled ingot from said mold into
said die.

5. In an ingot casting and compressing
machine, the combination with a compressi-
ble die, and fmeans for applying lateral pres-

sure thereto, of a track, a mold- earrying
frame mounted on said track, a mold carried '

by said frameand movable toward and from
a position above anc in substantial axial
alnement with said die, and means for low-
ering a partially cooled ingot from said
mold into said die. . '

8. In an ingot casting and compressing;
machine, the combination with a compressi-
ble die, and means for applylng lateral pres-
sure thereto, a mold made in laterally sepa:
rable mating sections mounted above said
die. means for moving said mold sections to-
gether and apart, and an ingot supporting
and lowering mechanism comprising a mem-
ber extending through said die and into the
bottom of said mold and engaging the bot-
tom of the ingot, and means for effecting
the ascending and controlling the descend-
ing movement of said member.

7 In an ingot casting and compressing
machine, the combination with & compressi.-
ble die, and means for applying lateral pres-
sure thereto, of a longitudinally divided
mold formed with a hole in its bottom wall
and positioned above and in substantial
axial alinement with said die, means for
opening and closing said mold, a vod dis-
posed In axial alinement with and movable
through said die and carrying at its upper
end a plug adapted to fill the hole in the
bottom of said mold. during pouring and
support the ingot when the mold is opened,

;
|
]
|
|
|
|

3

and means for cffecting the ascending and

controlling the descending movement of said
J

rod. :

8. In an ingot casting and
machine, the combination with a comp
ble die, and means for applying lateral pres-
sure thereto, of a longitudinaily divided
mold formed with a hole in its bottom wal
and positioned above and in substantia
axial alinement with said die, means for
opening and closing said mold, a rod dis-
posed 1n axinl alinement with and movable
through said die and carrying at its upper
end a plug adapted to fill the hole in the
hottom of said mold during pouring and
support the ingot when the mold is opened,
means for effecting the ascending and con-
trolling the descending movement of said
rod, and means on said rod adapted to en-
gage the interior surface of said die to guide
said plug into engagement with said hole.

9. In an ingot casting and compressing
machine, the combination with a compressi-
ble die and means for applying lateral pres-
sure thereto, of a longitudinally divided
mold formed with a hol¢ in its bottom wall
and positioned above and in axial alinement

with said die, means for opening and clos-
ing said mold, a fluid-pressure cylinder and
plunger-rod beneath said die, a plug on the
upper end of sald plunger-rod adapted to
411 the hole in the bottom of said mold dur-
ing pouring and support the ingot when the
mold is opened, znd means for supporiing
and shifting said cylinder, between an op-
erating position below and in axial aline-
ment with said die and an idle pesition be-
low and to one side of said die.

LESLIE E, HO

Witnesses:
SAMUEL ¥, PoND,
E. G. IXGERSOLL.

Copies of this patent may be obiained for five cenis each, by addressing the * Comm
Washingion, D. 8.7
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