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57 ABSTRACT 
In an electroslag remelting system, a consumable elec 
trode is immersed in a bath of molten slag formed in a 
mold. The electrode is maintained fixed relative to the 
mold and slag is added to the bath of molten slag to 
maintain the process of melting of the consumable 
electrode as the electrode melts. 

33 Claims, 5 Drawing Figures 
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ELECTROSLAG SYSTEM FOR THE PRODUCTION 
OF METAL CASTINGS 

This application is a division of copending applica 
tion Ser. No. 707,088, filed Feb. 21, 1968. 
The present invention relates to plants for the pro 

duction of metal castings. 
More particularly, the invention relates to a plant for 

the electroslag remelting of consumable electrodes and 
can be used, in particular, to produce ingots from ball 
bearing, heat-resistant and high-strength construction 
steels and alloys. 
Known in the prior art is a process of electroslag re 

melting, consisting in that a pool of liquid slag is cre 
ated in a cooled ingot mold, into which the lower ends 
of one or several metal blanks are immersed serving as 
a consumable electrode, an electric current being 
passed through the electrode and the slag pool. The 
electric current causes the heat necessary for melting 
of the metal blank to be liberated in the slag pool; the 
metal melted off the blank is given the required shape 
in the ingot mold, forming a casting. 
As a rule, the cross section of the consumable elec 

trode is much less than that of the mold space, and for 
this reason the height of the ingot obtained is much less 
than the length of the electrode being remelted. To 
maintain the electrode melting process, the mold or the 
electrode must be moved so as to preclude breaking of 
the electric circuit which would take place if the elec 
trode leaves the slag pool. 
The known plants, in particular, those described in 

Soviet Inventor's Certificate No. 195,482, have mecha 
nisms for moving the electrode or mold, which com 
prise carriages with an electrode holder or a platform 
with the mold, travelling along guide columns. The 
guide columns are usually cumbersome and have a con 
siderable height, especially in plants for casting ingots 
weighing over 10 tons, and the mechanisms for moving 
the electrode or mold must have a large lifting capacity. 
It can therefore be stated that such plants are of a com 
plicated design, require considerable working area and 
high shop structures. 
An object of the present invention is to eliminate the 

above disadvantages and difficulties. 
The specific object of the invention is to provide and 

a plant for the production of metal castings by electro 
slag remelting of a consumable electrode, in which, ac 
cording to the invention, no mutual movement of the 
mold and the electrode is required to maintain the pro 
cess of melting of the consumable electrode. 
Disclosed in the present invention is an improved 

plant for producing metal castings by electroslag re 
melting of a consumable electrode in a cooled ingot 
mold. According to the invention, remelting is run with 
the electrode in a fixed position relative to the mold, 
and with slag being added to the slag pool to maintain 
the process of melting of the consumable electrode as 
it is used up. 

It is good practice to use solid pulverized slag and fill 
the space between the electrode and the mold with it, 
so as to provide a layer of solid slag above the slag bath 
in the process of melting which would gradually enter 
the slag pool as the electrode is consumed. 
This ensures uniform feeding of the slag pool in the 

mold and protection of the pool from the surrounding 
atmosphere; at the same time the layer of solid slag 
above the bath serves as an adsorbent for the gases lib 
erated in the process of melting the metal. 
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2 
In addition, in the proposed plant the slag pool can 

be constantly refreshed as new portions of the solid slag 
are melted, whereby refining of the metal is improved. 

It is also possible to pre-fill the space between the 
electrode and the mold with liquid slag beforehand and 
let it solidify; the solid slag will replenish the slag pool 
as the electrode melts under its own weight. 

It is also possible to run the plant by periodically add 
ing liquid slag to the slag pool as the electrode melts, 
the slag being poured in from above through the gap 
between the electrode and the mold. 

It will sometimes be expedient to use a tapered con 
sumable electrode and place it into a conical mold with 
its greater base upward. With the taper of the electrode 
and the mold being the same, notwithstanding the addi 
tion of slag, the depth of the slag pool can be insured 
to remain constant, while its volume will increase as the 
mold widens upward. 

It will be preferable to have the taper of the electrode 
somewhat greater than that of the mold space to ensure 
that the height of the built-up ingot will be less than the 
length of the remelted portion of the electrode, and 
that with the slag pool moving in accordance with the 
ingot growth along the height of the mold, the depth of 
said pool should increase and insure the optimal ratio 
between the depth of the slag pool and the diameter of 
the mold space at the place of the slag pool location at 
the given moment. 
The advantage of using tapered electrodes consists in 

that such electrodes can be produced by casting the 
metal in cast iron molds, whereas they were previously 
manufactured by forging, rolling or in continuous met 
al-casting plants. 

Practice has also proved that the tapered shape of the 
mold, widening upward, results in a more favorable 
crystallization of the ingot, the crystallization proceed 
ing upward. 
To produce untapered ingots it is desirable to use 

prismatic or cylindrical electrodes and remelt them in 
untapered molds or in molds slightly widening down 
ward. In this case the cross sectional dimensions of the 
electrode should be at least nine-tenths of the respec 
tive dimensions of the internal cross section of the 
mold. This is done to ensure that the depth of the slag 
pool at the end of melting should not exceed technolog 
ically tolerable limits. 
When using tapered, prismatic and cylindrical elec 

trodes it is desirable to make them with a shoulder in 
the upper portion, so as to make it possible to do with 
out an electrode holder and place the electrode in the 
mold by arranging its shoulder directly on the current 
feeding contact device. In the plant for effecting the 
process, according to the invention, this contact device 
is installed in the upper portion of the mold and is elec 
trically insulated from it. 

In a plant for the production of tapered castings the 
mold is made of at least two parts split along a vertical 
plane, which can be connected to a mechanism for 
moving them apart when the ingot is being extracted. 
An advantage of the invention as a whole resides, 

first of all, in the simplification and lower cost of the 
plants for electroslag remelting, and also in the simplifi 
cation of their operation. 
Another advantage stems from the high electrotech 

nical characteristics of the plants owing to the current 
conductors from the source of power to the plants hav 
ing a comparatively short length and being arranged 
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parallel to each other at a close distance (bifilarly). 
This, in turn, made it possible to reduce the resistance 
and inductive reactance of the electric circuit of the 
plant. 
The invention made it possible to appreciably reduce 

the height of the plants and, accordingly, the height of 
the shop structures accommodating them, and also to 
reduce the floor space used. 
The nature of the present invention will become 

more fully apparent from a consideration of the follow 
ing description of exemplary embodiments thereof, 
taken in conjunction with the accompanying drawings, 
in which: 

FIG. 1 represents a schematic view of a plant accord 
ing to the invention, with a tapered mold, used for ef 
fecting the process of producing metal castings; 

FIG. 2 is a top view of the same plant, without the 
consumable electrode, the phantom lines showing the 
separated condition of the split mold; 
FIG. 3 shows schematically the mutual arrangement 

of the consumable electrode and the mold, when the 
electrode and the mold have the same taper; 
FIG. 4 shows schematically the mutual arrangement 

of the consumable electrode and the mold, when the 
taper of the electrode is greater than that of the mold; 
FIG. 5 is a schematic view of a plant according to the 

invention, with a cylindrical mold, used for effecting 
the process of producing metal castings. 

In one of the possible embodiments, shown in FIGS. 
1 and 2, the plant comprises a cooled tapered mold 1 
widening upward and installed on a base 2 with a si 
phon device 3, which communicates by means of a duct 
4 in the base 2 with a space 5 of the mold and serves 
for pouring liquid slag into the mold. The top edge of 
the mold 1 carries current-feeding contact devices 7, 
insulated from the mold edge by means of a dielectric 
gasket 6, said contact devices 7 being made as two half 
rings (see FIG. 2), connected via feeders 8 to a busbar 
9, the latter being connected to a source of alternating 
or direct current (not shown). 
A consumable tapered electrode 0 (an ingot cast in 

a cast iron mold being usable for the purpose), with a 
cross section close to the internal cross section of the 
mold 1, is so placed in the latter that its lower end is im 
mersed in the slag pool (not shown), said electrode 
bearing with its shoulder 11 that is in the upper portion 
thereof, against the contact devices 7. 

In the upper part of the mold 1 two current-feeding 
contact devices 12 are also secured connected via feed 
ers 13 to a busbar 14, connected to the same source of 
current. The electrode 10 can have the same taper as 
the mold, or a greater one. 

Solid pulverized slag, which is fed into the slag pool 
as the electrode 10 melts for stabilizing the process, is 
charged into the space between the electrode A6 and 
the mold 1 from a bin 15 along a chute 16 via a hole 
(not shown) in the shoulder of the electrode 0. 
For extracting the finished ingot (not shown) from 

the mold 1 the latter is made of two parts A and AB, 
split along a vertical plane, each said part carrying said 
contact device 7 made as a half-ring. The parts 1A and 
1B of the mold 1 are moved apart for extracting the 
ingot by means of a mechanism 17, provided with turn 
ing levers 18 in a plane perpendicular to the axis of the 
mold 1. The levers 18 are connected to the parts A 
and 1B of the mold. An open mold is shown by the 
phantom lines in FIG. 2. 
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4. 
Thus a novel feature of the plant described herein 

above is the design of the electrode 10 and the mold 1 
which are made tapered, widening upward, with identi 
cal or close tapers, and also the fixed position of the 
electrode 10 relative to the mold . 
The principle of operation of the plant and the pro 

cess for producing ingots in this plant are described 
herein below for embodiments when the tapers of the 
electrode 10 and the mold 1 are equal, and when the 
taper of the electrode 10 is greater than that of the 
mold E. 
By switching on the source of current, voltage is ap 

plied to the electrode 10 and mold 1. Preliminarily 
melted slag is poured into the mold 1 through the de 
vice 3 in such an amount, as indicated above, that the 
lower end of the electrode 10 should be immersed in 
the slag. When this takes place the process of melting 
the electrode 10 commences. The space between the 
electrode 10 and the mold 1 is filled with solid slag. It 
is desirable that in the process of melting the slag pool 
be covered by a layer of solid slag, which would gradu 
ally drop into it as the electrode 10 melts; this also con 
tributes to better refining of the metal. 
The volume of the slag pool can be maintained bype 

riodically feeding liquid slag into the gap between the 
electrode 10 and the mold 1. It is also possible to prefill 
this space with liquid slag and let it solidify owing to the 
intensive removal of heat through the walls of the mold 
it and the electrode 10. As the electrode 10 melts, the 
solidified slag will also drop into the slag pool under its 
own weight. 
The diagrams presented in FIGS. 3 and 4 show the 

relation between the length of the melted portion of the 
electrode, the height of the built-up ingot and the depth 
of the slag pool in the process of remelting, depending 
on the taper of the electrode 10 and the mold 1. 

In case the angles or and B of taper of the mold 1 
(FIG. 3) and of the electrode 10, respectively, are 
equal and the depth h of the slag pool is specified, it is 
possible to insure, in the process of melting, the equal 
ity of the cross sectional areas of the electrode 10 at the 
place where its melting begins (levels AA or A'A' 
along the surface of the slag pool at the beginning and 
the end of the melting process, respectively) and of the 
surface of a metal bath 19 and 19" (levels BB or B'B') 
of an ingot 20 being built up. 
Under these conditions in the process of melting with 

the addition of solid slag in the space between the elec 
trode 10 and the mold 1 the depthsh and h' of the slag 
pool are constant, but the ratio between the depth of 
the slag pool and the diameter of the mold (at the place 
where the slag pool is located) decreases, whereby the 
discharge gap 8' between the electrode 10 and the sur 
face of the metal bath 9 at the end of the process be 
comes less than the discharge gap 8 at the beginning of 
the process, and an arc may strike between the elec 
trode 0 and the metal bath 9. 
When the taper of the electrode 10 exceeds that of 

mold (FIG. 4) so that during the entire process of 
melting the ratio between the depth of the slag pool and 
the diameter of the mold remains constant, with g D a 
we have h' > h and 8">8. 
Since in these instances the volume of the slag pool 

continuously grows, it is good practice to increase the 
power supplied by raising the voltage. 
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Upon completion of the melting process the stub of 
the electrode is removed and the ingot 20 is extracted 
from the mold. 

It is most expedient to use conical ingots thus pro 
duced for forging on hammers and presses. 

In another embodiment of the invention (FIG. 5), in 
contrast to the first one, the plant comprises a prismatic 
or cylindrical mold 21, in which a prismatic or tapered 
electrode 22 is similarly installed, said electrode 22 
bearing with its shoulder 23 against an annular current 
feeding contact device 24 installed on the upper edge 
of a mold 21 and electrically insulated from it by means 
of a gasket 25. 
The plant is supplied from a source of alternating or 

direct current (not shown) by means of feeders 26. 
The internal cross section of the mold 21 may some 

what increase toward the bottom for the extraction of 
the ingot to be facilitated. 
A base 27 and a siphon device 28 are similar to those 

described above. For the extraction of the ingot from 
the mold the base 27 is made vertically movable on a 
bed-plate 29 connected to a lowering mechanism (not 
shown). 
A condition prereguisite for the operation of this 

plant is that the cross sectional dimensions of the elec 
trode 22 must be at least nine-tenths of the correspond 
ing dimensions of the internal cross section of the mold 
21. 
This is done to insure that the difference between the 

linear rates of electrode melting and ingot building up 
should be minimum, and that the depth of the slag pool 
at the end of melting should not exceed the appropriate 
tolerances. 

In the process of melting the volume of the slag pool 
also increases with melting of the electrode 22, and the 
power supplied to the plant must be increased. The in 
gots produced in this plant are designed mainly for pro 
cessing in rolling mills. 
Described herein are the most easily realizable exem 

plary embodiments of the invention with one consum 
able electrode. It is also possible, however, to remelt 
two or three electrodes connected correspondingly in 
series (a bifilar circuit), or with a star or delta connec 
tion. Here the total cross section of the electrodes 
should then approach the internal section of the ingot 
mold. 
The invention is not limited to the exemplary em 

bodiments described herein and may have modifica 
tions within the scope of the following claims. 
We ciaim: 
1. An electroslag remelting system for the production 

of a metal ingot by the melting of at least one consum 
able electrode in a molten slag bath, comprising a 
cooled base and a mold in which said consumable elec 
trode is placed; a source of electric power; contact de 
vice means for connecting said mold and said consum 
able electrode to said source of power, a portion of said 
contact device means with insulation means being in 
stalled directly on the top of said mold and electrically 
insulated from said mold; and means including said 
consumable electrode, said mold, and said portion of 
said contact device means for maintaining said con 
sumable electrode vertically stationary and incapable 
of being advanced with respect to said mold during re 
melting. 
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2. A system as defined by claim 1, wherein while 

using a tapered mold the latter consists of at least two 
parts and is split in a vertical plane. 

3. A system as defined by claim 2, wherein a mecha 
nism is provided for moving apart the parts of said mold 
for extraction of the ingot. 

4. An electroslag remelting system as defined by 
claim 1, wherein said means for maintaining said con 
sumable electrode vertically stationary includes the 
upper portions of said consumable electrode and said 
mold. 

5. An electroslag remelting system as defined by 
claim 1, wherein said means for maintaining said con 
sumable electrode vertically stationary with respect to 
said mold includes said portion of said contact device 
32S. 

6. An electroslag remelting system as defined by 
claim 1, including means for pouring liquid slag into the 
base portion of said mold enabling pouring with said 
consumable electrode in place within said mold. 

7. An electroslag remelting system as defined by 
claim 1, including means for adding additional slag to 
said molten slag bath from the space between said con 
sumable electrode and said mold during the remelting 
of said consumable electrode. 

8. An electroslag remelting system as defined by 
claim 7, wherein said means for adding slag during re 
melting of said consumable electrode provides molten 
slag for introduction into said molten slag bath. 

9. An electroslag remelting system as defined by 
claim 7, wherein said means for adding slag during re 
melting of said consumable electrode provides pulver 
ized slag for introduction into said molten slag bath. 

10. An electroslag remelting system as defined by 
claim 1, including a layer of slag positioned in the space 
between said consumable electrode and said mold. 

11. An electroslag remelting system as defined by 
claim i, wherein the inner sidewalls of said mold are 
tapered vertically downward and wherein said consum 
able electrode placed in said mold has a vertical taper 
which approximately corresponds to the vertical taper 
of said mold. 

12. An electroslag remelting system as defined by 
claim , wherein said consumable electrode is tapered 
vertically downward and wherein the inner sidewalls of 
said mold are tapered vertically downward, with the 
vertical taper of said consumable electrode being 
greater than that of said mold. 

13. An electroslag remelting system as defined by 
claim 1, wherein the cross sectional dimensions of said 
consumable electrode in a horizontal plane are at least 
nine-tenths of the corresponding dimensions of the in 
ternal cross section of said mold. 

14. An electroslag remelting system as defined by 
claim , wherein said consumable electrode has an in 
tegral outer shoulder at the upper portion thereof, said 
shoulder designed to bear directly against said portion 
of said contact device means. 

15. An electroslag remelting system as defined by 
claim 14, wherein the weight of said consumable elec 
trode presses it into electrical contact with said portion 
of said contact device means. 

6. An electroslag remelting system as defined by 
claim 14, wherein said portion of said contact device 
means consists of a metal ring in contact with said 
shoulder for supplying electric power to said electrode 
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and a dielectric member preventing contact of said 
metal ring with the upper portion of said mold. 

17. An electroslag remelting system as defined by 
claim 16, wherein said contact device means includes 
a second metal ring interposed between said dielectric 
member and in contact with said mold for supplying 
electric power to said mold. 

18. An electroslag remelting system as defined by 
claim i, wherein at least two consumable electrodes 
are melted simultaneously in said mold. 

19. An electroslag remelting system as defined by 
claim 1, wherein said consumable electrode has outer 
surfaces parallel to its vertical axis. 
20. An electroslag remelting system as defined by 

claim 1, wherein said outer surfaces of said electrode 
are substantially parallel to the inner sidewall surfaces 
of said mold. 

21. An electroslag remelting system as defined by 
claim 1, including means to move said cooled base rela 
tive to said mold to facilitate removal of said formed 
ingot. 

22. An electroslag remelting system as defined by 
claim 1, wherein said mold has inner sidewall surfaces 
parallel to the vertical axis of said mold. 
23. An electroslag remelting system as defined by 

claim 1, including means to move at least a portion of 
the mold sidewall away from the formed metal ingot to 
facilitate removal of said ingot from said mold. 
24. An electroslag remelting system as defined by 

claim 23, wherein said mold is formed in two parts, and 
means are provided to move said two parts relative to 
one another away from said ingot to facilitate removal 
of said ingot from said mold. 
25. An electroslag remelting system as defined by 

claim 24, wherein said mold is formed in two parts 
which are moved apart to facilitate removal of said 
ingot and wherein said mold parts are joined one to an 
other along lines parallel to the vertical axis of said 
mold when closed. 
26. An electroslag remelting system as defined by 

claim 1, wherein said contact device means comprises 
two half-rings connected through feeder elements to a 
bifurcated bus bar. 
27. An electroslag remelting system as defined by 

claim , wherein said contact device means includes at 
least one bus bar connected to said mold and at least 
one bus bar connected to said electrode, and said bus 
bars positioned closely spaced and parallel to one an 
other to reduce inductive loss. 
28. An electroslag remelting system as defined by 
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8 
claim i, wherein the cross-sectional area of the lower 
end of said consumable electrode is substantially equal 
to the cross sectional area of the upper end of said in 
got. 
29. An electroslag remelting system for the produc 

tion of a metal ingot by the melting of at least one con 
sumable electrode in a molten slag bath, comprising a 
cooled base and a mold in which said consumable elec 
trode is placed; a source of electric power; a contact 
device means for connecting said mold and said con 
sumable electrode to said source of power, a portion of 
said contact device means with insulation means being 
installed directly on the top of said mold and electri 
cally insulated from said mold; said consumable elec 
trode having an integral outer shoulder at the upper 
portion thereof designed to bear directly against said 
portion of said contact device means; means including 
said consumable electrode, said mold, and said portion 
of said contact device means for maintaining said con 
sumable electrode vertically stationary and incapable 
of being advanced with respect to said mold during re 
melting; means for adding additional slag to said mol 
ten slag bath from the space between said consumable 
electrode and said mold during the remelting of said 
consumable electrode; and means to move at least a 
portion of the mold sidewall away from the formed 
metal ingot to facilitate removal of said ingot from said 
mold. 
30. An electroslag remelting system as defined by 

claim 29, including means for pouring liquid slag into 
the base portion of said mold enabling pouring with 
said consumable electrode placed within said mold. 
31. An electroslag remelting system as defined by 

claim 29, wherein the inner sidewalls of said mold are 
tapered vertically downward and wherein said consum 
able electrode placed in said mold has a vertical taper 
which approximately corresponds to the vertical taper 
of said mold. 
32. An electroslag remelting system as defined by 

claim 29, wherein the cross-sectional dimensions of 
said consumable electrode in a horizontal plane are at 
least nine-tenths of the corresponding dimensions of 
the internal cross section of said mold. 
33. An electroslag remelting system as defined by 

claim 29, wherein said mold is formed in two parts, and 
means are provided to move said two parts relative to 
one another away from said ingot to facilitate removal 
of said ingot from said mold. 
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