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The present invention relates to the art of pro 
ducing cast metal bodies. 

In the electric fusion method of producing cast 
metal bodies, such as ingots, current is dis 
charged from an electrode through a flux sub 
merged gap separating said electrode from the 
body of deposited molten metal, to create a 
metal fusing Zone in and around said gap. At 
the same time, solid ingredients of the metal to 
be produced are fed into this fusing zone at con 
trolled rates. The electrode may be of consum 
able hollow construction, and may contain some 
of the metal ingredients of the ingot to be pro 
duced, while the other ingredients may be de 
livered into the metal fusing zone in the fluent 
form of granules, pellets, powders or the like, 
through the hollow of said electrode. Some of 
the particles from these fluent metal ingredients 
having high fusion points may pass through the 
metal fusing zone, and may settle towards the 
bottom of the deposited molten metal without 
being completely fused. These solid unfused 
particles imbedded in the casting will produce 
therein so-called "bright spots' which adversely 
affect the soundness of the casting. 
One object of the present invention is to pro 

vide a new and improved method and apparatus 
for producing and depositing metal in a mold 
in a manner to assure complete fusion of the 
metal ingredients deposited in said mold. 
Another object of the present invention is to 

provide a new and improved method and appa 
ratus for producing highly superheated metal 
and depositing said metal in said mold in Sub 
stantially said highly superheated condition 
without allowing the molten metal to come in 
contact with the air. 

Warious other objects, features and advantages 
of the invention will be apparent from the foll 
lowing particular description, and from an in 
Spection of the accompanying drawings, in 
which: 

Fig. 1 shows somewhat diagrammatically 
partly in vertical section and partly in front 
elevation one form of apparatus which may be 
employed to carry out the method of the present 
inventicn, and which embodies the structural 
features of the present invention; 

Fig. 2 is a vertical Section taken on the line 
2-2 of Fig. 1, but on a larger scale; 

Fig. 3 is a horizontal Section taken on line 
3-3 of Fig. 2; 

Fig. 4 shows somewhat diagrammatically in 
vertical section another form of apparatus which 
may be employed to carry out the method of the 

5 

10 

20, 

55 

present invention, and which embodies the struc 
tural features of the present invention; and 

Fig. 5 is a horizontal section taken on line 
5-5 of Fig. 4. 
In the form of the invention shown in FigS. 

1 to 3, there is provided a mold O which may 
be of any suitable shape, according to the de 
sired shape of the metal body to be produced, 
and which for the purpose of illustration, is 
shown cylindrical. Mold. O may be of any suit 
able material such as cast iron, and is con 
structed and dimensioned to effect Solidification 
of the deposited metal progressively upwardly 
and inwardly therein in the manner well-known 
in the art. Mold O is closed at its bottom end, 
as for example by means of a stool of Suitable 
material, such as cast iron. 
For producing metal in the interior of the mold 

10, there is provided therein a vessel it serving 
as a furnace or crucible. This crucible may 
be of any suitable shape, and is shown cup 
shaped and specifically in the form of a bowl with 
a substantially hemispherical cavity. The walls 
of crucible are hollowed to form a jacket 2 
through which a suitable cooling liquid is cir 
culated, and are made of a metal having nigh 
heat conductive capacity, as for example cop 
per. The cooling liquid is circulated through 
the jacket 2 of the crucible wall by an inlet pipe 
3 and an outlet pipe 4. These pipes 3 and 
4 are desirably diametrically or otherwise syn 

metrically disposed with respect to the cricible 
, and are connected into said jacket by any 

suitable means, as for example by threading or 
welding, or both. The crucible f l is advan 
tageously suspended and Supported in the mold 
to through the medium of these pipes 3 and 4, 
in a manner to be made apparent. 
The crucible f is provided with an overflow 

pouring gate 5 comprising a substantially radial 
channel 6 in the wall of said crucible, and a 
runner 7 in said channel desirably of refrac 
tory material. When the molten metal de 
posited in the crucible reaches a predeter 
mined level therein, it overflows through the 
pouring gate 5 and into the mold 0. 
The metal is produced and deposited in the 

crucible by the use of an electrode device which 
may be of the general type shown in my U. S. 
Patents 2,191,479 and 2,191,481. For that pur 
pose, there may be provided a consumable elec 
trode 8 extending in the mold to directly above 
the crucible , and containing ingredients of the 
metal to be produced and deposited in said mold. 
Other constituents of the deposited metal may 
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be furnished in the fluent form of granules, pel 
lets, powders or the like, through the hollow of 
the electrode 8, so that these other constituents 
in conjunction with said electrode produce a 
metal in the crucible f having the required an 
alysis. The electrode 8 and the granular metal 
constituents are fed at controlled rates to the 
current discharge gap 20 between the end of said 
electrode and the pool of molten metal 2 in said 
crucible by suitable means, as for instance that 
shown in my Patent No. 2,191,479 above referred 
to, to produce metal of the desired analysis, and 
to maintain said gap substantially constant in 
length. 
The controlled downward feeding of the elec 

trode 8 may be effected through a pair of feed 
wheels 22 on opposite sides of Said electrode and 
in frictional engagement therewith. At least one 
of these feed wheels 22 is driven from a notor 23 
through a suitable reduction gearing, while the 
other wheel may be positively driven from said 
motor or may be merely an idler serving as a 
guide for the electrode 8. This motor 23 may be 
regulated automatically by the voltage drop 
across the current discharge gap 20 in any well 
known manner, so that the feed. Wheels 22 are 
automatically operated and controlled to feed the 
electrode 8 downwardly as itis continuously con 
sumed. The current discharge gap 20 is thereby 
maintained substantially constant in length. 
The hollow electrode 8 may be continuously 

shaped from a metal Strip or skelp 24 as shown 
in the aforesaid Patent No. 2,191,479 as said elec 
trode is fed continuously into the metal fusing 
ZOle. 
The granular metal constituents may be deliv 

ered through the hollow of the electrode 8 and 
into the current discharge gap 20 at controlled 
rates and at desired proportions by means of 
metering devices (not shown) that feed it at the 
desired rate to a funnel tube 25 leading into the 
electrode 8 as it is formed. 
The electrode 8 and the deposited metal 2 in 

the crucible f f are electrically connected in the 
same circuit, so that current as it is discharged 
from said electrode, passes through the gap 20, 
and thereby creates a high temperature zone in 
which the Solid metal ingredients are readily 
fused. The electrical connection to the electrode 
8 may be effected, as for example, through a 
contact nozzle 27, connected to a suitable source 
of current and embracing said electrode with a 
snug slide fit loose enough to permit the feeding 
of said electrode through said nozzle, but tight 
enough to maintain electrical contact between 
said nozzle and Said electrode. 
The electrical connection of the deposited metal 

2 into the circuit of the contact nozzle 27 may 
be effected by grounding the metal walls of the 
crucible through the water circulating pipes 3 
and/or f4. - 
During metal producing and depositing opera 

tions, the crucible f is entirely submerged in a 
floating layer or blanket of flux 28 of any suitable 
composition, and the lower end of the electrode 
8 is submerged in this flux, so that the current 
discharge gap 20 is also entirely submerged in 
this flux. Flux 28 refines the metal as it is pro 
duced, promotes fusion, and maintains the mol 
ten metal from the time it is produced to the 
time it is deposited in the mold fo out of con 
tact with the air. Flux 28 also serves as a heat 
insulating blanket around the Crucible and 
the metal being produced and deposited in the 
mold to, thereby allowing the use of extremely 

high temperatures in the crucible and effect 
ing deposit of the molten metal at this high ten 
perature in the mold O. For that purpose, this 
flux may comprise silicates or components of sil 

5 icates, such as magnesium silicate, calcium sili 
cate, aluminum silicate, glass, or any other com 
position having the necessary properties to pro 
duce the desired effects for carrying out the 

, method of the present invention. 
10. Highly Superheated molten metal is continu 

ously produced from the electrode 8 and the 
other metal ingredients delivered in fluent state 
into the metal fusing zone in and around the cur 
rent discharge gap 20; this metal is continuously 

15 deposited in the crucible . . After the metal 
in the crucible reaches the level of the pour 
ing gate 5 it overflows into the mold G as a 
steady continuous stream under the protective 
action of the encompassing flux 28, to form the 

20 pool of molten metal 29. The molten metal over 
fioWs into the mold 0 at a rate substantially 
equal to its rate of production. 
Any solid particles Supplied to the current dis 

charge gap 20 which are not fused therein, and 
25 which are deposited in the crucible in unfused 

condition will eventually become fused because 
of the intense heat concentrated in the compara 
tively restricted space afforded by the crucible 
cavity. These unfused particles will not overflow 

30 into the mold 0, but will sink towards the bot 
tom of crucible . If these particles do not all 
fuse as they sink in the crucible if, they will 
Settle and accumulate at the bottom of said cru 
cible to form a pile whose peak will eventually 

35 reach a level where the intense heat generated 
by the electrode 8 Will fuse the particles. Deliv 
ery of molten metal to the mold O free from 
unfused particles is thereby assured. 
AS the molten metal overflows the crucible f, 

4) and is deposited in the mold 0, the level of the 
deposited metal in the mold rises and the metal 
deposited in the mold O solidifies progressively 
upwardly and inwardly, as shown in the draw 
11lgS. 

45. In order to promote progressive solidification 
of the metal upwardly, and to assure the main 
tenance of a substantial body of molten metal 
29 in the upper portion of the deposited metal in 
the mold O to serve as a shrinkage feeder for 

50 the Solidifying metal below, heat is continuously 
transmitted to the upper portion of the depos 
ited metal. In the specific form shown, this 
heating of the upper portion of the deposited 
metal 29 is carried out by means of an elec 

55 trode device comprising an electrode 3 extend 
ing into the mold O with its lower end submerged 
in the flux 28, but spaced from the surface of 
metal 29 by a current discharge gap 32. Elec 
trode 3 is desirably non-consumable, and for that 

60 purpose may be of copper hollowed to allow cir 
culation of a cooling medium therethrough, 
whereby the temperature of said electrode is 
maintained below its fusion point. 
The electrode 3 and the body of deposited 

65 metal 29 in the mold O are connected in the 
Same circuit to effect a current discharge across 
the gas 32 of sufficient intensity to maintain said 
metal fluid for the purpose indicated, and to 
promote progressive solidification. Non-con 

70 Sumable electrode 3 f is desirably disposed dia 
metrically opposite the pouring gate 5 to pro 
note equalization of the temperature of metal 29 
and Solidification of the metal in the mold ?o 
Substantially Symmetrically with respect to the 

75 vertical axis of said mold. 





4. 
opening 47 when the level of this metal reaches 
the top of said runner. This overflow metal from 
the crucible fa is deposited substantially cen 
trally in the mold fo, so that all the advantages 
inherent in pouring the metal in Said mold in a 
stream substantially equidistant from all sides 
of the mold walls is obtained. 
The crucible a is made of suitable metal of 

high heat conductivity, such as copper, and its 
walls are hollowed to define a jacket 2a through 
which a cooling medium is circulated. This cir 
culation of the cooling medium through the 
jacket 2a may be effected by means of an inlet 
pipe 3a and an outlet pipe f4a threaded, welded, 
or otherwise connected to the crucible walls at 
diametrically opposite sides thereof. 
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Molten metal of the required analysis is pro 
duced in the crucible ffa desirably by the use 
of an electrode device similar to that described 
in connection with the construction of Figs. to 3. 
For that purpose, one or more consumable elec 
trodes 8a are provided, two being ShoWn, dia 
metrically disposed directly over the crucible cav 
ity 43, and spaced by current discharge gaps 20a 
above the surface of the deposited metal 2fa in 
the crucible lia. These electrodes 8a, which are 
connected into the circuit of the molten metal 
2d as in the construction of Figs. 1 to 3, contain 
at least some of the ingredients of the metal to 
be produced, and are desirably hollow. Other 
metal ingredients in the fluent form of granules, 
pellets or powders, are delivered to the metal fus 
ing zones created by the current discharge across 
the gaps 20a, as for example through the hollows 
of the electrodes 8a. 
The feeding of the electrodes 8a and the fluent 

metal ingredients into the metal fusing Zone may 
be effected at controlled rates in a manner al 
ready indicated in connection with the construc 
tion of Figs. to 3. 
The molten metal 2 fa in the crucible a, be 

sides being heated by the consumable electrodes 
8a, may be further heated by the use of one or 
more electrodes 48, two being shown diametrically 
disposed directly over the surface of the deposited 
metal 2 a. in quadrant relationship with the elec 
trodes 8a, and spaced from Said Surface by Cur 
rent discharge gaps 49. These electrodes 48, 
which are connected into the circuit of the cru 
cible metal 2!a, are desirably non-consumable, 
and are constructed like the electrodes 3 of Figs. 
1 to 3. 
Instead of employing the heating electrodes 48 

in the position shown, as far as certain aspects 
of the invention are concerned, a single heating 
electrode may be used, disposed directly over the 
pouring hole 47 to maintain the overflowing metal 
highly fluid as it is discharged through said hole, 
and to prevent thereby freezing of said metal in 
Said hole. This single central heating electrode 
may replace the two heating electrodes 48 shown, 
Or may supplement the heating action of these 
latter electrodes. 

Also, if desired, as far as certain aspects of the 
invention are concerned, if the clearance between 
the crucible if a. and the mold walls permits, one 
or more non-consumable heating electrodes may 
be employed between said crucible and said mold 
Walls directly over the metal 29a deposited in 
the mold 0 to serve the same purpose as the 
heating electrodes 3 in the construction of Figs. 
1 to 3. 
The crucible la and the lower ends of the elec 

trodes 8a and 48 are submerged in the flux 28a. 
in the manner and for the purpose indicated in 
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connection with the construction of Figs. 1 to 3, 
and these members are supported for movement 
in unison with respect to the mold Oa as shown 
in said construction. 
The process illustrated in Figs. 4 and 5 is car 

ried out in the manner already made apparent 
in connection with the method shown in Figs. 1. 
to 3, the molten metal being deposited in the 
mold from crucible fla at a rate which is 
substantially equal to the rate of production and 
deposition of the metal in said crucible, 
In the two constructions of Figs. 1 to 5, the 

furnace or crucible f or fa is disposed in the 
mold G. However, as far as certain aspects of 
the invention are concerned, the furnace or cru 
cible may have its metal producing section out 
Side of the mold 0, and the metal may be trans 
ferred from Said furnace Section to the mold con 
tinuously while the metal is being produced in 
Said furnace Section. This transfer would be ef 
fected at a rate substantially equal to the rate of 
metal production in Said furnace while the metal 
being transferred is maintained out of contact 
With the air. Such a construction is shown in 
my Copending application, Serial No. 534,829, filed 
May 9, 1944. 
As many changes can be made in the above 

method and apparatus, and many apparently 
Widely different embodiments of this invention 
can be made without departing from the scope 
of the claims, it is intended that all matter con 
tained in the above description or shown in the 
accompanying drawings shall be interpreted as 
illustrative and not in a limiting sense. 

I claim: 
1. A method of casting metal which comprises 

the steps of producing and depositing metal in 
a furnace immersed in a layer of flux in a mold, 
and simultaneously discharging molten metal 
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from said furnace through said layer of flux and 
into Said mold. 

2. A method of casting metal which comprises 
the steps of continuously depositing metal in a 
crucible immersed in a layer of flux in a mold, 
and simultaneously overflowing metal from said 
crucible through said layer of flux and into said 
mold When the level of metal in Said crucible 
reaches a Substantial distance about the bottom 
Of Said crucible. 

3. A method of casting metal which comprises 
the Steps of continuously depositing metal in a 
crucible immersed in a layer of flux in a mold, 
Overflowing metal from said crucible through said 
layer of flux and into Said mold, and simultane 
ously moving Said mold and said crucible rela 
tively apart as the level of deposited metal in 
Said mold rises, to maintain a substantial con 
stant positional relationship between said crucible 
and the surface of said latter metal. 

4. An apparatus for casting metal comprising 
a mold, flux in said mold, a crucible immersed in 
Said flux, means for producing and depositing 
metal in said crucible below a layer of said flux, 
and means for discharging metal from said cru 
cible through said flux and into said mold below 
Said flux. 

5. An apparatus for casting metal comprising 
a mold, flux in said mold, a crucible immersed in 
Said flux, and means for continuously producing 
and depositing metal in said crucible, said cru 
cible having an overflow pouring gate disposed 
a substantial distance above the bottom thereof, 
Whereby metal deposited in said crucible as it 
reaches the level of Said pouring gate overflows 
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said gate and discharges through said flux and 
into said mold below said flux. 

6. An apparatus for casting metal comprising 
a mold, flux in said mold, a crucible immersed 
in said flux, current discharge electrode means for 
continuously producing metal under a layer of 
Said flux and depositing it in said crucible, and 
means for discharging metal from said crucible 
through said flux and into said mold below said 
filtXK. 

7. An apparatus for casting metal comprising 
a mold, flux in said mold, a crucible immersed in 
Said flux, means for continuously producing metal 
under a layer of said flux and depositing it in 
said crucible, means for overflowing metal from 
said crucible through said flux and into Said mold 
below said flux while metal is being produced 
and deposited in said, crucible, and means for 
moving said mold and said crucible relatively 

5 
while said metal is being discharged into said 
mold to maintain said Crucible in constant posi 

O 
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tional relationship With respect to the rising sur 
face of the metal in said mold. 

8. An apparatus for casting metal comprising 
a mold, flux in said mold, a cup-shaped crucible 
immersed in said flux and having an Overflow 
pouring gate on One side thereof, and means for 
Continuously producing metal in said flux and 
depositing it in said crucible. 

9. An apparatus for casting metal comprising 
a mold, flux in said mold, an annular crucible 
immersed in said flux and having an Overflow 
gate positioned substantially centrally of its Outer 
Wall a substantial distance above the bottom of 
said crucible, and means for producing metal in 
said flux and depositing it in said crucible. 

ROBERT K, HOPKINS. 

  


