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When a single phase electric smelting furnace is con 
nected to a three-phase system it results in an unsym 
metric load being placed on the system. As a rule the 
generators will permit a certain amount of unsymmetric 
load but the load of commercial single phase smelting 
furnaces is so great that the unsymmetric load on the 
power system will exceed the limit permitted by the 
power generators and this will cause great inconvenience 
and danger for the generators in the power plant. Single 
phase smelting furnaces ordinarily have so low a power 
factor that the conditions of unsymmetric load will be 
additionally aggravated. 
To overcome this difficulty various compensation de 

vices have been designed where, by means of induction 
coils and condensers, it has been tried to obtain Sym 
metric loads on three phase systems to which is connected 
a single phase system. Many of these devices have 
proved satisfactory for the relatively symmetric loads 
which are created by furnaces such as true resistance fur 
naces and induction furnaces. In electrode furnaces, 
however, the load will vary over wide limits due to the 
movement of the charge in the furnace and the formation 
of electric arcs and the like. Experience has shown that 
these phenomena and the change in loads resulting from 
connecting and disconnecting the furnace cause overloads 
on the compensation devices and this in turn causes in 
jurious overloads and flashing in the high voltage system 
of the furnace and the other electric devices connected on 
the high voltage side. 

According to the present invention the above mentioned 
drawbacks of over tension and flashing can be avoided 
by a system in which the single phase furnace is con 
nected between two of the phases of the three phase sys 
tem and a condenser system is connected in series with 
the single phase furnace. Such condenser system pref 
erably is arranged in series with the primary of the fur 
nace transformer. In some cases a somewhat equivalent 
result can be had by arrangement of the condensers in 
parallel with the furnace transformer but this arrange 
ment is not generally suitable for electrode furnaces as 
it would require that the capacity of the condensers be 
adjusted according to the furnace current. The con 
denser system in series with the furnace transformer 
should have sufficient capacity to take care of the induc 
tivity of both the furnace transformer and of the furnace 
itself and a circuit should thereby be obtained where 
COS is approximately 1. 

Appropriate condensers and an induction coil are 
arranged in the other phases as will be more fully de 
scribed hereafter. 
The invention can best be understood by reference to 

the accompanying drawing in which: 
Fig. 1 is a vector diagram of a three-phase system ex 

planatory of the invention. 
Fig. 2 is a diagrammatic view of a furnace connected 

to a three phase system in accordance with the present 
invention. 
In Fig. 1 the letters R, S and T indicate terminals of 

2 
a three-phase system represented by the vectors R-S, 
S-T, and R-T. When a furnace is to be energized 
from one phase of such voltage, say the phase R-T, a 
symmetric and purely ohmic load may be obtained when 
the furnace current Io is in phase with the voltage R-T 
and when, in accordance with the invention, a reactive 
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load comprising capacitors, is connected to be energized 
by the phase S-T with a current Ic numerically equal 
to a current I, through a purely inductive reactance con 
nected in the phase R-S. Complete symmetry is ob 
tained at a certain load on the furnace when the furnace 

current Io is equal to V3 Ic and also equal to V3 II. 
To insure that the current through the furnace is in phase 
with the voltage R-T, condensers are connected in the 
phase R-T in series with the furnace transformer and 
of a reactance at the frequency of the supply voltage, that 
is equal to the inductive reactance of the furnace trans 
former, together with its load. Under these conditions, 
as can be seen from the diagram of Fig. 1, the total cur 
rent IT from terminal T, which is the resultant of the 
currents Ic and Io, is equal to the total current IR from 
terminal R, which is the resultant of the currents Io and 
II, and is also equal to the total current Is from terminal 
S, the resultant of the currents I, and I. 

In Fig. 2 the terminals of the three phase system, as 
before, are indicated by the letters R, S and T. A con 
denser system 10 is located between T and S and an in 
ductance 12 is located between R and S. The furnace 
transformer 14 is arranged between R and T and is pro 
vided with an adjustable tap 16 on the primary side of 
the transformer. A condenser system, indicated at 18, 
is in series with the primary of transformer 14. The 
secondary of the transformer is connected to the furnace 
pot 20 and electrode 22. 
As illustrative of the invention let us presume that the 

frequency of the source is 50 cycles per second, and that 
there is an average voltage drop of 75 volts in the furnace 
and a current of 50,000 amperes. In such case the con 
denser system 10 and the inductance 12 should preferably 
be so chosen that the reacting power of each is of the 
order of 1900 kilovolt amperes. To obtain a power fac 
tor of 1, that is, to insure that the current through the 
furnace will be in phase with the phase R-T, the con 
denser system 18 must be so chosen that the reactance 
thereof is equal to the reactive load of the furnace includ 
ing the transformer 14. This value will depend on the 
design of the furnace, but by good furnace design a 
value of 1500-1800 kilovolt amperes for the reactive load 
may be assumed for a furnace load of 3300-3400 kilo 
watts. The condenser system must accordingly have a 
capacity within the range stated. As indicated in Fig. 2, 
the condenser systems 10 and 18 and the induction coil 
12 are preferably adjustable to allow for change in fur 
nace load. 

Obviously if more than one single phase furnace is in 
volved such furnaces will be connected between different 
phases of the system. 
The invention has now been described with reference 

to a single embodiment thereof. Numerical values of 
the capacitative and inductive reactances have been sug 
gested for presumed values of furnace current, voltage 
and frequency. Obviously such numerical values are 
illustrative only and not to be considered as limiting the 
scope of the invention. 

I claim: 
1. A circuit for energizing a single phase electrode fur 

nace from a three phase voltage source which comprises 
a furnace transformer having its secondary winding cou 
pled to the furnace and its primary connected in series 
with a condenser system across the first phase of the 
source, the capacitative reactance of said condenser sys 
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tem being substantially equal to the inductive impedance References Cited in the file of this patent 
of the transformer and its load at the frequency of the 
source, a capacitative reactance connected across a sec- UNITED STATES PATENTS 
ond phase of the source and an inductive reactance con- 2,253,053 Stevens et al. ----------- Aug. 19, 1941 
nected across the third phase of said source. 5 2,359,768 Kiltie ----------------- Oct. 10, 1944 

2. The circuit according to claim 1 wherein the said 2,423,348 Short ------------------- July 1, 1947 
two last mentioned reactances are substantially equal. 2,741,690 Junker ---------------- Apr. 10, 1956 

3. The circuit according to claim 1 wherein said trans 
former, said condenser system and said two last mentioned FOREIGN PATENTS 
reactances are all adjustable to maintain a symmetrical 10 512,738 Great Britain ---------- Sept. 25, 1939 
load on the source with change in furnace load. 716,973 Great Britain ----------- Oct. 20, 1954 


