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ELECTRIC FURNACE. 

1241,351 Specification of Letters Patent. Patented Sept. 25, 1917. 
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To all whom it may concern. 
Be it known that I, JoSEPFL II, DIXON, a subject of the King of Great Britain, resid 

ing at 6 Ashgate road, in the county of 
York and city of Sheffield, England, have 
invented certain new and useful Improve 
ments in Electric Furnaces; and I do hereby 
declare the following to be a full, clear, and 
exact description of the invention, such as 
will enable others skilled in the art to which 
it s to make and use the same. 

lectric arc smelting furnaces as known 
heretofore can be classified under two heads. 
First those wherein the current passes from 
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one electrode to the other, and second those 
in which substantially the entire current 
passes through the bath of metal, through 
the lining and back to the generator. 

Certain distinct advantages and accom 
panying disadvantages accompany the use 
of either mode of using the current alone, 
and, where different conditions are to be 
foreseen and provided for, a distinct im 
provement will follow the devising of a suit 
able system wherein the two modes of using 
the current are made optionally available in 
combination or separately. Such an im 
provement follows from the use of my pres 
ent invention. . 
The object of my invention is the con 

struction of furnaces in which the propor 
tion of current passing through the bath 
and lining is separately controllable, so that 
if desire there can be caused to flow through the bath and lining much smaller 
proportions of current than are possible . 
with furnaces of the second type above men 
tioned. I carry out my invention by several meth 
ods, the method selected in any particular 
case being dependent partly on the size of 
the furnaces, and partly on the nature of. 
the metallurgical operation to be conducted 

All the methods are sch 
that the power may be taken from a stand 
ard polyphase supply system, a most in 
portant feature being that the carrying out 
of the invention does not necessitate any 
unequal loading of the supply system. . 

In the accompanying drawings, Figure 1 
is a diagram illustrative of the general prin. 
ciple of my invention, Fig. 2 is a diagram 
iREE of the general case wherein three 
phase currents are applied to furnaces hav 
ing an even nutmber of upper electrodes, Fig. 3 is a diagrah) showing one form offir 

macc embodying my invention, Figs. 4 and 5 
are vector diagrams illustrative of the dif 
ferent conditions available in the system 
shown in Fig. 3, Fig. 6 is a diagram illus 
trating a modified form of my invention, 
Figs. , 8 and 9 are vector diagrams illus: 
rating the modes of use of said modifica 

tion, and Fig. 10 is a diagram illustrating 
still another modification. 

In Fig. 1, I have shown a furnace wherein 
three upper electrodes A,B and Care con 
nected to a suitable source of three phase 
current from points a, b and c whose phases 
are 120 degrees apart, while the lower ter 
ninal N is connected to the neutral point n.. 
This arrangement is within my invention 
and admits of obtaining the advantages here 
in after pointed out. . 
One method of gig out my invention 

is shown in IFig. 2, in which F, is the fur 
nace, A, A, B, 13, are four electrodes 
(hereinafter termed upper electrodes) which 
arc on to the hath of metal or alloy or other 
material. N, is an electrode embedded in 
the furnace lining (hereinafter termed in 
lower clectrode). 
The furnace is fed with two-phase second 

ary current taken from two single phase 
transformers, represented in the drawings 
as a, and l, whose primaries are fed from 
three-phase mains, 1, 2 and 3. 
The two secondary terminals of the trans 

former, a are connected, one to the electrode 
A, and the other to the electrode A. 
The middle point of the secondary 

ing of the transformer, , is connected to 
the lower electrode N. 

Similarly, the secondary terminals of the 
transformer, b, are connected to the elec trodes Bana is and thenidae point con 
nected to the lower electrole N, as shown in 
the diagram. A. 

It is parent th;if when the two electrodes 
A" and A. are supplying to the furnace cur 
rents of ential magnitide, these currents will 
exactly relatilize each other and the trans 
firm'r. it, will supply no current to the 
lower electrode N. The electrodes, A and 
A may he adjusted so that the currents in 
then are not equal, and therefore there is 
a current flowing along the wire cnnnected 
to the middle point of the transfiner, a 
antil through the lower electrode N. To take 
an extreme case for the sake of illustration, 
the electrode A. may be raised so that it. 
suppli's no current to the furnace, and the 
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whole of the current in the electrode A', 
passes through the bath and returns to the 
middle point of the transformer, a. The 
same adjustment may loc made with the elec 
trodes B, and B, fed by the transformer, b. 
Whatever adjustment is made with the 

four upper electrodes and whatever the 
amount of current flowing through the 
lower electrode, the electrical system will 
not be unequally loaded if the transformers 
a, and b, are supplying equal amounts of 
power to the furnace. 

It is apparent that the invention may be 
carried out with the middle point of only 
one of the transformers connected to the 
lower electrode, N. 
My invention contemplates means for 

easily altering the connections between the 
transformer primaries and the mains 1, 2 
and 3 whereby the phase relations in the 
secondaries may be so altered as to control 
at will the amount of current passing 
through the bath to the lower electrode. 

In Fig. 3 is shown an arrangement for 
this purpose wherein is used a number of 
transformers less than the number of upper 
electrodes in the furnace. In this case six 
upper electrodes are supplied from four 
transformers. For this purpose two clec 
trodes A, B are connected with the terminals 
of one secondary a. Two others, C, D, are 
connected in common to one secondary ter 
minal of b, while E and F are connected 
with the outer terminals of the secondaries 
of c, and d. The interior or contiguous sec 
ondary terminals of c and d are connected in 
conmon with the sccondary of b. The four 
primaries of the four transformers are 
Scott-connected with the mains 1, 2 and 3, 
and these connections are made by means 
of nultiple switches k and l. 
When the switch k is closed and switch l 

is open, the phase relations are indicated 
by the diagrani in Fia, 4. When l is closed 
and k is open the phase relations are those 
it clicated in IFig. 5. 

In Fig. 6 is shown another motle of sup. 
plying six electrocles from four triuns form 
ters ?et from the three-phase mains 1, 2 and, 
3. Ileire the multiple switches k, l, n and 1. 
caise vario is changes in phase relations, 
this altering the proportion of current going 
through the bath. 
With switches k and m closed and switches 

55, and at ope11, the currents occupy the posi 
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it is shown ill the riagram Fig. 7, and the 
only irrent flowing through the lower elec 
trole is that line to the lifference in the sec on lary voltages. 
When larger currents through the lower. 

electrodes are required, the switches and n, 
are open and the switches, 'arid m closed, 
and the transformere', supplies current in 
a reversed manner, the positions of the six 
currents being shown in Fig. 8. Similarly 
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by opening the switches, and m, and clos 
ing the switches ; and n, the transformer, c 
will supply current in a reversed manner. 
When still larger currents through the lower 
electrole are required, the switches, k and m, 
are opened and the switches l and n, closed, 
and then both the transformers c and c, 
are reversed, the secondary currents occupy 
ing the positions shown in Fig. 7. 
Whatever the magnitudes and positions of 

the Secoillary currents, the electrical system 
will not be unequally loaded provided each 
of the transformers, a, and b, is supplying 
power cqlal to the total power supplied 
by the two transformers, o' and c. 
In Fig. 6, I have shown the primary side 

of the transformer's connected to the sup 
ply mains in star fashion. It is apparent 
that without interfering with the carryin 
ott of the invention they can be connecte 
in delta fashion. 

In all the methods I have described of car 
rying out my invention, there is only one 
lower electrode embedded in the lining or 
sole of the furnace. At the same time, I 
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90 wish it to be understood that my invention, . 
in most of the methods I have described, 
can be carried out with more than one lower 
electrode. V 

This is shown in Fig.10, wherein are also 
shown nultiple switches k and for govern 
ing the phase relations in the secondaries 
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of the transformers a, b, c and d. The two 
lower electrodes are shown at N and N. 
and are connected respectively to common 
secondary terminals f a and c, and of b 
and d. 
What I claim is 
1. An electric furnace having suitable up per electrodes and a lower electrode, main leals for supplying three-phase alternating 

current, transformers having their primaries 
so connected with said main leads as to de 
liver two-plbase current from their second 
arics, two or more switches in circuit be 
tween said main leads and said primaries 
and adapted to alter the phase relations in 
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sail transformers, a common connection be 
twice: the terminals of two of said second 
aries and the lower electrode, and suitable 1-15 connections between the secondaries of said transformers and said upper electrodes. 

2. An electric furnace having suitable up 
per electrodes and a lower electrode, main leads for supplying three-phase alternating 
current, transformers less in number than 
said upper electrodes and so connected with 
said main leads as to deliver two phase cur 
rent from their secondaries, switches suit 
ally connected with the primary circuits for 
prolucing alterations in phase relations in 
said transformers, and suitable connections 
between said electrodes and the secondaries 
of said transformers. P - 

3. An électric furnace having six upper 
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electrodes and a lower electrode, two pairs connection between the remaining second- 1) 
of transformers, means for supplying alter- ary terminals and said lower electrode. 
nating current to the primariesthereof, con- testimony whereof, I affix my signature, 
ductors connecting the outer terminals of in presence of two witnesses. 5 one pair of Er secondaries each to 
two of the upper electrodes, conductors con- JOSEPHL, DIXON. 
necting one secondary terminal of each of Witnesses: 
the other transformers with one of the re- KATHARINE C. MEAD, 
maining upper electrodes, and a common GEO. A. BYRNE. 


