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Application filed March 25, 1887. Serial No. 232,361. No model.) 

To all whon it may concern. 
Beit known that I, JAMEs B. D'ARCY BOUL 

TON, a subject of the Queen of Great Britain, 
residing at Jersey City, Hudson county, New 
Jersey, have invented certain new and useful 
Improvements in Apparatus for Forming 
Steel Ingots in a Sectional Mold, fully de. 
Scribed and represented in the following speci 
fication and the accompanying drawings, 
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5 the lower end of the same, 

in combination with means for moving the 

forming a part of the same. 
The object of this invention is to form an 

ingot of cast-steel or other metal in sectional 
molds, which, in the apparatus claimed in my 
present, and according to the method in my 
copending application Serial No. 232,362, filed 
March 25, 1887, are superposed successively 
upon one another and filled with separate 
charges of fluid metal. 

In the apparatus for executing the process 
the mold-sections, excepting the first one em 
ployed, are bottomless, and may be made with 
parallel sides to form a continuous ingot of 
equal area, or may be tapered inwardly, as 
shown in the annexed drawings, so that when 
the ingot is ruptured at the joint of the mold 
sections the contents of the molds may be re 
moved from one end thereof. The molds may 
be solid with tapering bore, or may be di 
vided longitudinally, as shown in one of the 
figures in my annexed drawings. 

In the drawings, Figure 1 is an edge view of 
the apparatus. Fig. 2 is a section of the same 
on line acac in Fig. 1. Fig. 3 is a plan of the 
top of the apparatus, and Fig. 4 is a view of 

In Fig. 1 mold 
section b' is sectioned on line gy y in Fig. 2. 
The essential part of my present invention 

consists in a holder adapted to retain a series 
of mold sections superposed one upon another, 

mold-sections downward within the holder, as 
herein set forth. 
My construction also contains means for sep 

arating or rupturing the ingot into sections of 
size convenient for their intended use. The 
means for sustaining or mounting the opera 
tive parts in their required position is wholl 
immaterial, and while they are shown in the 
annexed drawings sustained by metallic bars 
X, which rest at their opposite ends upon 
walls W, any other convenient construction 
may be employed. 

The apparatus, as shown herein, includes a 
spring-holder for sustaining the mold-sections 
movably in a vertical series, a reciprocating 
pusher to engage the upper mold and force the 
series downward, and a cylinder connected 
transversely with the lower end of the spring 
holder and provided with pistons actuating 
a pocket to receive the lower mold-section of 6o 
the series and to shift the same laterally to 
rupture its contained ingot from that in the 
Section above. 
X X are two sustaining girders, between 

which are placed the spring-holder, and at 65 
opposite sides thereof two hydraulic cylinders, 
I, for actuating the pusher h. 
The cylinders are secured to the girders by 

rivets t, and are also secured together near 
their lower ends by cross-bars J, which are se- 7o 
cured to the cylinders by rivets t. 
Between the girders X and bars J are sus 

pended two beams, A A', the beam. A being 
secured by rivets to one of the girders X, 
and by rivets r to one of the bars J. 
One strap lis secured to the beam A, and 

is not secured to the beam A', and the other 
strap l is secured to the beam A', and is not 
secured to the beam A. These straps l rest 
upon the top of the girder X, while operating 
to guide the beam A' in a limited movement 
between the girders to and from the beam A. 
The beam A is vertically sustained by the strap 
l, which is secured thereto and which rests 
upon both the girders, and is pressed toward 
the beam A. by springs B, which operate upon 
gibs in, applied outside the beams and drawn 
together by means of bolts m', extended past 
the sides of the beams. The beams are pro 
vided with flanges C, to guide the mold-sec 
tions in their downward movement. 
The mold-sections are inserted into the 

holder from the upper end, filled, and then 
moved successively downward, and may be 
formed with a solid body and with a tapering 
bore, as shown in Figs. 1 and 2, so that the 
cooled ingots may be slipped out without 
opening or dividing the molds; or they may 
be longitudinally divided, as shown in Figs.3 
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and 4, and the parts be held in place by dowels 
in the usual manner; or they may be con 
structed in any other manner adapted to prac 
tice my invention. 
The volume of the fluid or cast metal in my 
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apparatus at one time is contained in several end of the holder to engage the pawls with a 
mold-sections, one of which (lettered b) is ad 
justed just below the top of the holdier ready 
for filling. b is a section immediately be 

5 neath the same and separated therefrom by a 
packing, c, formed of fibrous material, as as 
bestus, and perforated to permit the flow of 
the metal from the upper to the lower section. 
b is a section beneath the one last filled, and 
b' is a mold-section sustained below the bot 
tom of the spring-holder in a movable pocket 
adapted to shift such section laterally to 
rupture the ingot. When thus moved, the 
strain thrown upon the mold-section l issus 
tained by abutments, which are formed as two 
keys, A and A", inserted through an aperture 
in the upper side of a cast-iron cylinder, f", 
which is attached to the lower ends of the 
beams A A' by brackets S. 
The elasticity of the beams above the fast 

enings S is sufficient to spring the beam Ato 
Ward the beam A under the pressure of the 
Springs B, the movement required to hold the 
beams by friction being exceedingly slight, so 
that the space required for such movement 
would not be perceptible in the drawings. . 

It will be noticed that in Fig. 2 the beams 
A and A are both shown in apparent contact 
with the girders X, which would be the case 
When the beams were pressed apart by the 
mold-sections, as shown in such figure; but 
the beam A would be pressed slightly away 
from the adjacent girder X when the spring 
holder was entirely empty, which would never 

35 occur in practice. . 
Pistons.ff' are inserted in the cylinder with 

their outer ends exposed to fluid pressure, as 
of water or steam, introduced through pipes 
p, and the two pistons are shown as each 

4O formed in one piece with a portion, e, which 
portions together form a pocket, which, when 
the pistons are moved to one limit of their 
stroke, coincides with the interior of the holder, 
So that the mold sections may move from the 

45 holder to the pocket. 
In a transverse opening at one side of the 

pocket is located a spring-presser, e, which 
sustains the weight of the lower mold-section, 
l, when delivered from the holder and car 
ried therein during the movement of the 
pocket to sever the ingot. 
The pocket is actuated in opposite direc 

tions by the pistons.ff", and a mold-section, 
b", is shown within the pockete below the mold 
b' and moved laterally beneath the same to 
partly rupture the ingot bar. 
The sections, when filled, are moved succes 

sively downward in the spring - holder by 
pawls 0, attached to a pusher, h, which is shown 

?o as a rectangular frame of cast-iron surround 
ing the upper end of the holder and formed 
With lugs to which the hydraulic piston-rods 
i are attached. The fluid is introduced into 
the cylinders I through pipes q at their upper 
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movement of the hydraulic piston-rods thus 
ends and pipest at their lower ends, and the 

mold-section applied to the one last filled 
within the holder. The pawls engage the 
molds by pressing into notches k, formed in 
the sides of each mold. An empty mold-Sec 
tion, b', is shown suspended above the top of 
the holder at a sufficient distance to admit the 
fluid steel readily to the mold b in the top of 
the holder. -- 

The pistons.ff are constructed to strike the 
keys A‘A’ at the proper limit of their stroke, 
the contact of the piston f with the key A 
upon one side determining the degree to Which 
the lowest mold-section is moved out of line 
with that in the holder, and the contact with 
the piston f with the key A operating to 
bring the pocket again in line with the holder, 
as desired, after the rupture of the ingot. 
In Figs. 1 and 2 the mold-section b'is shown 

sustained above the holder by a spring-halnger 
having two arms, s', provided each With a . 
tooth, s, adapted to enter notchest upon the 
sides of the mold-section intermediate to the 
sides having the notches le. The arms of the 
hangers' are inclined downward and outward, 
and are so proportioned that when the Section 
b' is lowered to rest upon the section within 
the holder and the pusher his elevated suffi 
ciently for the pawls (1 to engage the notches 
l, the upper end of the pusher will press upon 
the inner sides of such arms and Separate 
them sufficiently to detach the teeth S from 
the notchest, and thus permit the downward 
movement of the section when the movement 
of the pusher is reversed. 
In Figs. 1 and 2 the pusher is shown at the 

lower limit of its stroke; but the pusher is 
shown in dotted lines h" in Fig. 2, as When 
elevated and operating to separate the arms s. 
The pawls g when at the downward limit of 

their stroke are admitted between the flanges 
C upon the inner sides of the beams A A', and 
are thus enabled to force the mold. Sections 
downward below the top of the holder in the 
required manner. , w 

The pistons fif' may be actuated by Water, 
steam, air, or any other agent, as preferred, be 
ing admitted and discharged thirough pipes p. 

It is obvious that the apparatus may be 
greatly modified in form from that shown in 
the drawings without departing from my in 
vention, as the means for moving the mold-sec 
tions downward within the holder may be 
adapted to grasp the sections in any conven 
ient manner, as by forming projections upon 
the latter in place of the notches lic to engage 
the ends of the pawls in their downward move 
ment, or any other suitable means of tempora. 
rily attaching the reciprocating pusher to the 
mold-section may be employed. 
The pawls are shown formed with weighted 

arms g', to press them normally toward the 
sections, and the pusher is shown formed with 
ears h", to which are secured the upper ends 
of the piston-rods i. The pusher may, how 
ever, be reciprocated by other mechanism than operates to raise the pusher above the upper the hydraulic piston-rods, if preferred. 
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jecting ends of the beams A A'. 
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The operation of the apparatus is as follows: 
The mold-section in the top of the holder is 
filled With fluid metal, and the perforated as 
bestus Washer c is laid upon its top. The sus 
pended mold section is lowered to stand upon 
the Said washer, and is centered by the pro 

The pusher 
With its pawls is now raised to the top of its 
stroke, and upon its return the pawls engage 
With the notches superposed in the mold sec 
tion, and press down all the sections in the 
holder until the top of the empty one is a lit 
tle below the top of the holder. The section 
l) reviously in the lower part of the holder is 
now held by the pockete, and while the empty 
Section at the top is being filled this lower one 
is shifted laterally by the hydraulic pistons 
and is Partly ruptured, and the separation of 
the bar is completed by the return of the pis 
tons to their original position, thus restoring 
the pocket e to a line with the holder, so that 
a succeeding mold-section may force out the 
one in the pocket with its contained ingot. 
The fluid metal when poured into the empty 
Section penetrates through the hole in the 
Washer to the metal in the section below, with 
Which it effects a perfect union by reason of 
its great heat. 
Successively depressed, filled, and their places 
Supplied With empty sections, the metal when 
poured passing through the bottom of each 
section and effecting a union with that in the 
Section below. Such ingot may be, however, 
partly divided by the asbestus washers by 
forming a hole smaller than the body of the 
ingot through the Washer, and thus limiting 
the union of the ingot to a stud, e, and the ingot is thus adapted to be separated with very 
little resistance into distinct sections of the 
same length as the successive mold-sections. 
This complete separation is effected with my 
apparatus by moving the body of the lower 
noid-Section back and forth laterally, with its 
inclosed metal, until the portion between the 
ends of the two adjacent mold-sections is rup 
tured, the adjacent section being meanwhile 
firmly held with its contents by the abut 
inents provided for that purpose in the keys 
A' A'. 
The entire process is conducted so rapidly 

that the upper molds in the holder are cooled 
very little before the metal in them is united; 
but any suitable cooling means may be applied 
to the lower molds of the series to fit the cast 
metal for removal from the molds. 
The asbestus washer may be saturated with 

combustible fluid to prevent oxidation of the 
fluid metal in the mold. Refined petroleum 
or alcohol may be used for such purpose. This 
is immediately inflamed by the heat of the 
fluid metal already in the mold-section, to the 
upper end of which it is applied, so that when 
the Succeeding mold-section is placed thereon 
the flame from such combustible fluid may fill 
it and expel the air therein before the suc 
ceeding charge of fluid metal is poured. The 
absence of oxygen from the interior of such 

The top mold-sections are thus 

mold-section thus prevents the oxidation of 
the metal when poured therein. To absorb 
the desired volume of combustible fluid, a 
washer of fibrous material, like asbestus, is 
decidedly preferable, and it will be understood 
that the washer must be made of some yield 
ing material, in any case, to form a close joint 
between the successive mold - sections, and 
thus prevent the escape of fluid thereat. 
The parting or separating device is intended, 

preferably, to operate upon the metal While it 
is hot, to avoid a great resistance, and the 
separating device is preferably operated to 
effect a peculiar result-namely, a partial rup - 
ture of the stud c' or cast, bar by a movement 
of the mold-section in one direction and the 
completion of the rupture by a reversal of the 
movement, and a return from the pocket to its 
proper position for the entrance of the next 
section without any loss of movement. 
When commencing the formation of an in 

got with this apparatus, a mold with a closed 
bottom, like that shown at l”, is necessarily 
used to receive the first charge of metal, but 
afterward each preceding charge forms the 
bottom of the succeeding mold, so as to be 
united with its contents by fusion. It will be 
noticed that the mold-sections are all separate 
and movable, so as to be readily applied to the 
top of the series within the holder and moved 
downward within the same when filled. It 
will also be noticed that the ingot is formed 
within the successive mold-sections and Sepa 
rated into portions of the desired length be 
fore it is removed from the mold-sections in 
which it was cast, and the cast metal may 
therefore, if desired, be wholly sustained by 
the walls of the mold until its hardening is 
substantially completed; and it will also be 
noticed that the cast metal is not subjected to 
any external strain by or during its move 
ment through the apparatus, nor to any ex 
posure liable to cool its substance unequally 
before it has wholly crystallized. 

I am aware that an ingot-bar has been formed 
by pouring the metal within a mold having a 
falling bottom, and that it is also common to 
superpose a number of molds upon one an 
other with perforated dividing-plates of metal 
or refractory material, a definite number of 
such molds being arranged to receive the metal 
at a single pouring or charge, and the perfo 
rations in the dividing-plates permitting the 
flow of the metal from one of such molds to 
another during the pouring of such charge, 
as in British Patent No. 4,425 of 1876. I am 
also aware of British Patent No. 2,886 of 
1865, showing several tire-molds piled together 
with a central ingate adapted to feed them all 
simultaneously from a single charge of fluid 
metal, and of British Patent. No. 1,221 of 
1873, which shows a series of connected molds 
clamped together upon the head of a crucible 
to receive the metal simultaneously when the 
Crucible is inverted. I am also aware that 
William R. Hinsdale has filed a patent appli 
cation describing the formation of a continu 
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ousingot-bar by the pouring of the metal into 
a single mold, and moving or shifting the 
metal downward within the mold after the 
pouring of each charge, to make room for a 
Subsequent charge. I hereby disclaim the in 
vention described in the aforesaid patents, and 
especially the invention of William R. Hins 
dale, just referred to. 
In my invention the successive charges are 

not poured within the same mold, but in sep 
arate mold-sections; and, furthermore, the 
metal is not, under any circumstances, shifted 
or moved within the mold or subjected to any 
external force, as is required for moving the 
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metal within the mold in Hinsdale's invention, 
and which is liable to injure the strength or 
continuity of the casting and cause the rup 
ture or weakening of the casting if the move 
ment in the mold be effected before a sufficient 
hardening of the metal has taken place. 
Having thus set forth my invention and dis 

tinguished it from others, what I claim as my 
improvement is 

1. An apparatus for forming a cast steel or 
metal ingot, consisting in a holder adapted to 
retain a series of mold-sections in line with 
one another, and means for moving the sec 
tions downward within the holder, substan 
tially as herein set forth. 

2. An apparatus for forming a cast-steel in 
got, consisting in a spring-holder adapted to 
Sustain by friction a series of mold-sections in 
line with one another, and means for moving 
the filled sections downward, substantially as 
herein set forth. 

3. An apparatus for forming and severing 
into sections a cast-metal ingot, consisting in 
a holder adapted to retain a series of mold 
Sections in line with one another, means for 
moving the mold sections within the holder, 
abutments for the mold-sections at the bottom 
of the holder, and a pocket movable laterally 
beneath the abutments and adapted to move 
one mold-section transversely to the adjacent 
mold Section, as and for the purposes set forth. 

4. In an apparatus for forming a cast-metal 
ingot, the combination, with a holder adapted 
to retain a series of mold-sections in line with 
one another, and means for moving the mold 
Sections within the holder, of abutments for 
the mold-sections at the bottom of the holder, 
and a pocket movable laterally beneath the 
abutments and provided with a spring-presser 
to sustain the weight of the mold-section with 
in the pocket, as and for the purpose set forth. 

5. In an apparatus. for forming a cast-metal 
ingot, the combination, with a holder adapted 
to retain a series of mold-sections in line with 
one another, and means for moving the mold 
sections within the holder, of the hydraulic 
cylinder f', containing pistons f f', provided 
with a pocket to successively receive the mold 
Sections, and a spring-presser to sustain the 
mold-section within the pocket, as and for the 
purpose set forth. 
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6. An apparatus for forming a cast - metal 
ingot, consisting in a spring-holder adapted 
to retain a series of mold-sections in line with 
one another, a reciprocating pusher with pawls 
for moving the mold-sections downward with 
in the holder, and mold-sections adapted to en 
gage with the said pawls, as and for the pur. 
pose set forth. 

7. In an apparatus for forming a cast-metal 
ingot, the combination, with a holder adapted 
to retain a series of mold-sections in line with 
one another, and means for moving the Sec 
tions downward within the holder, of the hy. 
draulic cylinder f', containing pistons fif', 
provided with a pocket to successively receive 
the mold-sections, and a stop to limit the move. 
ment of the pocket when in line with the 
holder, as and for the purpose set forth. 

8. In an apparatus for forming a cast-metal 
ingot, the combination, with a holder adapted 
to retain a series of mold-sections in line with 
one another, of hydraulic cylinders arranged 
at opposite sides of the holder, and a pusher 
attached to the hydraulic piston-rods, and pro 
vided with pawls for moving the mold-sections 
within the holder, as and for the purpose set 
forth. - 

9. In an apparatus for forming a cast-metal 
ingot, the combination, with a holder adapted 
to retain a series of mold-sections in line with 
one another, of a hanger adapted to sustain a 
mold-section above the holder, and a mold 
section having two sets of notches, one to re 
ceive the hanger and the other to engage with 
the means for moving the section downward 
within the holder, as and for the purpose set 
forth. 

10. In an apparatus for forming a cast-metal 
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ingot, the combination, with a holder adapted 
to retain a series of mold-sections in line with 
one another, of a reciprocating pusher pro 
vided with pawls for moving the mold-sections 
within the holder, a hanger adapted to sus 
tain a mold-section above the holder, the hanger 
being provided with teeths to engage the mold 
section, and arms s', adapted to withdraw the 
teeth from the mold-section by contact with 
the reciprocating pusher, substantially as here 
in set forth. 

11. In an apparatus for forming a cast-metal 
ingot, the combination, with a series. of mov 
able bottomless mold-sections applied upon 
one another, of a fibrous packing applied be 
tween each mold-section and supplied with 
combustible fluid to be ignited by the contents 
of the filled section and expel the air from the 
mold-section placed thereon, substantially as 
herein set forth. 
In testimony whereof I have hereunto set my 

hand in the presence of two subscribing wit 
eSSeS. 

JAMES B. D'ARCY BOULTON. 
Witnesses: 

HENRY W. CONDICT, 
CHAS. H.VOORHIS. 
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