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To all whom it may concern. trodes, are not similarly sittiated with re 
l3e it known that I, PAUL GI Roi), a citi- spect to the bath. 

Zen of the Republic of Switzerland, residing The present invention provides an ar 
at Ugine, Savoie, France, have invented 'angement for overcoming this defect, and 
certain new and useful improvements in 
the Method of Supplying Electric Frnaces 
with Polyphase Currents; and I do hereby 
declare the following to be a full, clear, and 
exact description of the illy ention, such as 
will enable (thel's skilled in the art to which 
it appertains to make and use the same. . 

It has heretofore been pi'oposed to sp 
ply electric furnaces with polyphase cur 
rents, each phase being connected directly 
with an electrode or group of electrodes, 
For example, the three distributing wires, 
1, 2, 3, of a three-phase system have been 
respectively connected to three electrodes, 
Ol' groups of electicodes b, c, d. in such 
case the potential differences existing be 
tween the several electrodes are the same. 
That is, the potential difference between 2) 
and e, is the same as that between C and c, 
and between d and ). This system, which 
may be feasible when each of the electrodes, 
or each of the groups of electrodes, is simi 
larly situated relatively to the bath, so that 
the resistances existing between the several 
electrodes are the salue, is inadequate in the 
case of furnaces wherein the electrodes, or 
group of electrodes, are not so situated, as 
is the case, for example, in fullnaces having 
One or more upper electrocles and the other 
electrode or electrodes in the hearth, or hay 
ing a conducting hearth. 

It is possible, by the interposition of 
transformel's, to repl’oduce the above de 
scribed conditions of equial voltages between 
the Several electrodes, with or without a 
change in voltage due to the transforma 
tion. Such a result is effected by providing 
two transformers of which the two primary 
terminals which at any instant are positive 
are connected to one of the three plases and 
the two terminals which at that instant are 
negative are connected respectively to the 
other two phases, or vice versa; and con 
necting the two like Secondary terminals to 
one of the electrodes, or groups of electrodes, 
and the other two like secondary terminals 
to the other two electrodes, or groups of 
electrodes, respectively. Such an arrange 
ment, however, is, like the direct connection 
described above, inadequate for furnaces 
wherein the electrodes, or groups of elec 

allows the current to be equally distributed 
among the Several electrodes of an electric 
furnace when some of the electrodes are sep 
a rated by a much higher resistance than 
other of the electrodes; at it consists es 
Sentially in investing the tei'iminals of one 
of the transfol'no's supplying the furnace 
So as to increase lle potential difference be 
tween those electiodes which are separated 
by the greater resistance. 

In the drawings Figure is a diagram 
lmatic illustration of an electric furnace fed 
from a three phase syste)), with trans 
foriners interposed in Such mannel that the 
Voltages between the Several electrodes are 
the same. Fig. 2 is a similar illustration of 
present invention, and Fig. 3 is a similar 
illustration of another arrangement ein 
bodying the invention. 

in Fig. 1, C is an electric furnace of any 
Suitable type, for example of the type de 
Scribed in my French Patent No. 350,524 
dated January 4, 1905, and in certificates of 
addition to Said patent, No. 4,829 dated 
May 22, 1905, and No. 7,008 dated December 
7, 1906. The lowel electrodes of the furnace 
are represented at t and the upper eiectrodes 
at 6 and d respectively, while the reference 
letter e indicates the bath of molten Inletal. 
The distribution wires of a three phase sys 
ten are indicated in the figure and are 
numbered 1, 2, and 3 respectively. It will 
be seen that One transformer has its pri 
may f connected across the wires 1-3, the 
lower terminal of the primary being con 
nected to the wire 1 and the upper terminal 
to the Wire 3. The other transformer has 
its primary g connected across the wires 
1-2, its lower terminal being connected to 
the Wire 1, as is the lower terminal of pri 
mary if, and its upper terminal being con 
nected to the wire 2. The Secondaries i? 
and g’ of these two transformers have their 
lower terminals connected together and to 
the electrodes , whereas their upper termi 
nals are connected respectively to the elec 
trodes 6 and d. With such a connection the 
voltage between the two electrodes a and d. 
is the same as the voltage between the elec 
trodes G and b, and between the electrodes 
d and l. The resistance between the elec 
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trodes and d is the same as tle resistance 
between the electrodes l and (, but is in ch 
less than the resistal)ce between the elec 
trodes c and cd since currents passing between 
these two electrodes would have to trave'se 
two arcs in series. The result is at () V 
a very Sinall Cllri'ent, in coliparis()), Yould 
pass between the elect 'oles (, ald (d. 
In accordance with the preset ill ventic. In 

the voltage between electrodes (, aid (d. is 
increased by inverting the terminals of one 
of the transformers (either the primary or 
Secondary terminals). The connections are 
illustrated in Figs. 2 and 3. In Fig. 2 the 
primary terminals of the transformer faire 
inverted, the upper terminal being con 
nected to 1 and the lower terminal to 3, 
while the upper terminals of primary (, al'e 
connected as before, the upper to 2 and the 
lowe' to 1. In Fig. 3 tile primary tel'nyi 
nals of g are inverted, the upper one being 
connected to 1 and the lower to 2, while tie 
terminals of pl’imaly fare connected as in 
IFig. 1, the upper to 3 and the lower to 1. 
In either case the voltage between 7, and 
will be equal to the voltage between 7 and d 
and the voltage betweenic and d is greater, 
being equal to the voltage between , and a 
or b and d multiplied by V3 or 1.73. Thus, 
assuming that the secondaries of the trans 
formers Supply current at 55 volts. there 
will exist between the electrodes b and c, and 
between the electrodes b and d, a difference 
of potential of 55 volts, and between C and d. 
a difference of potential 1.73 times greater, 
or approximately 95 volts. The intensity 
of the current circulating between the elec 
trodes c and d is consequently increased and 
in practice can be brought to approximately 
the same value as the citrient which circui 
lates between b and c, and between and (7. 
The same result may obviously be attained 
by inverting the terminals of one of the sec 
ondaries, either for g'. The ratio of trans 
formation may be one to one or whateve 
other ratio may be required by the particulal 
conditions of the installation. The same 
idea may be applied to six-plase, twelve 
phase and other polyphase systems by coln 
necting the transformers in accordance with 
this invention. Of course, the number of 
electrodes would be increased o' the number 
of furnaces connected to the system would 
be increased to utilize the greater number of 
phases, but the principle involved is an ob 
vious modification of the system herein dis 
closed. 

983,043 

What I clain is: - 
1. In a systein for supplying current to an 

(lectric face having a plurality of elec 
t1'ocles licl Ayle'eill the l'esistace betwee 
Sf Inc. ()f the electrodes is considerably great 'i' 
t 1: 1) the 'esista lice between () (lei's of the 
electrodes, supply conductor's (': 'Irying poly 
hase cli'i'ents, transfor ille's having their 
Irinaries collected to the silly candi ('- 

to's to receive currets of clifferent phases, 
and collections from the Secondary telli 
lils of the transfol'ille's to the ''Ilace elec'. 
todes, the transformer terminals being rela 
tively inverted and connected to the elec 
trodes ill such order that the greatei' () ten 
tial difference resulting from tlie inversion 
of the tel'nimals exists between those elec 
trodes which are separated Joy the greater 
l'esistance, 

2. All elect lit: 'i') ace in: Ying : () we' 
(lectrode at a pair of upper electrodes hell 
to of contact with the fused (tal, a three 
liase syst () () elect lical supply, a pair of 

single-plase transformers having their pri 
airies collected to different phases of the 

systein and their secondaries connected to 
the said electrodes, the terminals of said 
transformer's being l'elatively inverted and 
the st-condary tellinals being connected to 
the electrodes in such order that the greatei 
potential difference resulting from Such in 
version exists between the two upper elec 
trodes. 

3. An electric furnace having a lower 
electrode and a pair of upper electrodes held 
Qat of contact with the fused metal, a three 
phase system of electrical supply and two 
transfor Inel's having their prii}) alries con 
nected to different phases of Said system, 
the Secondary of one transformer having one 
of its terminals collected to the lovel elec 
trode and the other terminal connected to 
one of the upper electrodes and the second 
ary of the other transformer having one of 
its terminals connected to the lower elec 
trode and the other telminal connected to 
the other electrode, and the transformer ter 
minals being l'elatively inverted, whereby : 
greater potential difference exists between 
the upper electrodes than between either 
upper electrode and the lower electrode. 
In testimony whereof I affix my signature, 

in presence of two witnesses. 
PAUL GIROD. 

Witnesses: 
LÉON CAILLAT, 
BLACKERE CASTON. 
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It is hereby certified that in Letters Patent No. 983,043, granted January 31, 
1911, upon the application of Paul Girod, of Ugine, France, for an improvement in 
“Methods of Supplying Electric Furnaces with Polyphase Currents, an error 
appears in the printed specification requiring correction as follows: Page 1, line 76, 
before the word “present’ the words an arrangement in accordance with the should 
be inserted; and that the said Letters Patent should be read with this correction 
therein that the same may conform to the record of the case in the Patent Office. 
Signed and sealed this 28th day of February, A. D., 1911. 

SEAL.) 

C. C. BILLINGS, 
Acting Commissioner of Patents. 


