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17 Claims. (Cl. 13-9) 
The present invention relates to the balancing of the 

power transmission line for a polyphase arc furnace, 
more particularly, to an arrangement of additional im 
pedances which include ohmic resistances and capacita 
tive and inductive reactances in at least two conductors 
of a 3-phase power transmission line so that the energy 
conversion of the electrode arcs in the arc furnace is 
equal. 

In the operation of polyphase arc furnaces the same 
impedance is used to regulate the phases of the power 
transmission line in order to obtain equal currents there 
in. However, the energy exchange between the individual 
electrodes which are respectively connected to the con 
ductors of the power transmission line is not equal. As 
a result of the differences in the energy exchanged between 
the several electrodes the refractory lining of the furnace 
in the vicinity of the out-of-balance electrode is placed 
under undue stress and accordingly this portion of the 
refractory lining requires repairs well in advance of 
the time for repairing the refractory lining as a whole. 
The different energy exchanges between the electrodes 

is caused by the various reactances and resistances in the 
conductors from the arc furnace transformer to the tips 
of the electrodes. In particular, however, the differences 
are caused by the parallel arrangement of the copper bus 
bars and cables of the power transnission line and of 
the various solid iron members of the arc furnace struc 
ture itself. 

In order to balance the power transmission line so as 
to obtain equal arc voltages at all of the electrodes, it 
has been previously proposed to employ a double-wound 
or bifilar construction of the conductors in fixed or non 
tiltable arc furnaces such as used in the production of 
ferro-silicon alloys. 

In tillable arc furnaces it has been proposed to solve 
the above problem by selecting different operating volt 
ages when using an equal current in order to compensate 
for the variations in the energy exchange between the 
electrodes. 
Other solutions have also been proposed for the above 

stated problem. 3-phase inductance coils have been con 
nected into the primary circuit of the arc furnace trans 
former to provide additional capacitative energy. An 
other solution proposed the insertion of two additional 
reactances in the outer conductors in order to compen 
sate for the mutual induction coefficients or to provide an 
additional reactance into the central conductor. In de 
termining the amount of the additional reactance to be 
inserted in the conductors it was necessary to proceed on 
a basis of ideal conditions. In this procedure the ohmic 
resistances of the three electrode circuits were equalized 
and the self-induction coefficients of the three phases 
were assumed to be similar. In addition, the coefficient 
of mutual inductance of an outer conductor with respect 
to the central conductor was assumed to be equal to 
the coefficient of mutual inductance with the central con 
ductor and the other outer conductor. Measurements 
have shown, however, that these assumptions had no basis 
and as a result the additional reactances as computed devi 
ate considerably from the amount of reactance actually 
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necessary to be inserted in the conductors. By means 
of the such calculated additional impedances it is not 
possible to obtain such an accurate balancing as can be 
obtained with the additional impedances arranged accord 
ing to the present invention or with impedances the values 
of which deviate from the values effecting the complete 
balancing by approximately --30%. 
One reason for the reactances in the several conductors 

being unequal is to be seen in that the self-inductivity 
of an electrical conductor depends upon the permeability 
of the arc furnace structure. Such permeability is large 
as compared with that of air and thus cannot be neglected. 
Since this structure will always by asymmetrical as to the 
different conductors, the respective influence will be dif 
ferent from conductor to conductor. Furthermore, eddy 
currents will be induced in the furnace structure, and 
this again will occur in a different relationship to the var 
ious conductors. All these various influences can for all 
practical purposes not be calculated initially so that in 
particular the differences in the self-inductances among 
the various conductors cannot be anticipated quantita tively. 

It was therefore necessary either to proceed on a trial 
and error basis or to make calculations resulting in bal 
ancing values which were not as accurate as the balancing 
values obtained by means of additional impedances 
arranged according to the invention. Impedances cal 
culated and made in accordance with the present inven 
tion permit a degree of symmetry and balancing of the 
power transmission of better than 6%, even if the balanc 
ing impedances deviate from the correct and calculated 
values by up to 30%. 

It is therefore the principal object of the present in 
vention to provide an arrangement for balancing the 
power transmission line to a polyphase arc furnace. 

It is a further object of the present invention to pro 
vide accurately calculable impedances which are to be 
inserted in at least two conductors of a 3-phase power 
transmission line leading to an arc furnace in order to 
balance the power transmission line and thereby achieve 
equal exchange of energy between the electrodes of the 
arc furnace. 
The present invention essentially comprises the inser 

tion of additional balancing impedances into one or more 
of the conductors of a power transmission line leading 
from the arc furnace transformer to the arc furnace. 
These balancing impedances may be in the form of ohmic 
resistances and reactances both capacitative and inductive. 
Combinations of both capacitative and inductive react 
ances may be inserted onto various of the conductors. 
The determination of the exact amount of the balanc 

ing impedance which is to be added in order to balance 
the power transmission line is calculated according to 
equations to be subsequently set forth in detail. As a 
result of actual calculations carried out on existing arc 
furnace installations it has been found that the calculated 
impedances are accurate. With these calculations it is 
also possible to obtain a 0% error so that the degree 
of symmetry of the power transmission line is 100% or 
the line is perfectly balanced. Since with the prior art 
it was not possible to obtain balancing values as accul 
rate as the balancing values obtained by additional in 
pedances arranged according to the invention or by im 
pedances the values of which deviate about --30% from 
the values effecting the complete balancing, it is apparent 
that the present invention discloses an accurate manner 
of determining the precise amount of impedance to be 
inserted into a power transmission line to balance the line. 

Other objects and advantages of this invention will be 
apparent from the accompanying description when taken 
in conjunction with the following drawings, wherein 
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FIGURE 1 is a schematic view of the arc furnace 
installation of the present invention showing the addition 
of balancing capacitative reactances on the three conduc 
tors of the power transmission line; 
FIGURE 2 is a schematic view of the arc furnace 

installation of this invention showing an additional bal 
ancing inductive reactance on the central conductor and 
an additional balancing inductive reactance on one of the 
outer conductors; 
FIGURE 3 is a schematic view of the arc furnace 

installation of this invention showing the addition of two 
capacitative balancing reactances on the outer conductors; 
FIGURE 4 is a schematic view of the arc furnace 

installation of the present invention showing an additional 
inductive balancing reactance on the central conductor 
and an additional capacitative reactance on one of the 
outer conductors; and 
FIGURE 5 is an elevational view of the arc furnace 

installation of the present invention showing the added 
balancing impedances mounted on the Supporting arms 
for the electrodes. - - - 

In order to balance the 3-phase power tranSiliSS1Cn 
line wherein the conductors are respectively connected to 
the electrodes of the arc furnace, balancing impedances 
are inserted in the conductors of the power transmission 
line. These balancing impedances will have values which 
might deviate from the value required for the symmetry 
of the balancing impedance by an amount not greater 
than plus or minus 30% of the actual impedance. Ac 
cordingly, these impedances will have a minimum acCl 
racy of plus or minus 30% of the value of the actual 
impedance whereas it has not been possible to obtain by 
additional impedances used in the prior art such accurate 
balancing values as can be obtained by means of addi 
tional impedances arranged according to the invention, 
or by additional impedances the values of which deviate 
by about +30% from the values at which a complete 
balancing is effected. 

In the following calculations the following Symbols 
shall be used: 

r, r, r are the ohmic resistances in the conductors 
pertaining phases i, j, k, respectively and leading from 
the transformer to the electrodes in the furnace, i, j, k 
represent conventional phases RST respectively or a 
cyclic permutation thereof. Wherever the sign ( -) is 
being used in the following, it denotes an anticyclic per 
mutation of the phases. R when used in the equations 
is the arc resistance which for purposes of calculation is 
freely selectable. Xu, X; Xk is the self-inductivity of 
the conductor pertaining to phases i, j, k, respectively. 
X is the mutual or coupling inductivity as between the 
conductors of phases i and k. Way is the secondary trans 
former voltage and I is the average current in each 
phase, voltages and currents assumed similar for each 
phase. X, X, X will denote the balancing impedances 
to be inserted in phase conductors 2, 2, 3, respectively, in 
accordance with the invention. 
The value of the balancing impedances would be as 

follows: 

(l) Z-B(+)-cr-r) + (X-Xa)-(X.1-Xp) 
using the abbreviation: 
(2) 

Upon computing, the positive sign indicates inductive 
and the negative sign capacitive impedance values. 
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While Equation 1 denotes the general rule, the follow 
ing specific possibilities are included: 

Additional balancing capacitative reactances can be 

to be denoted Bmin Brnax, Bmed, respectively. 

4. 
provided as additional balancing impedances in the three 
conductors of the power transmission line with the bal 
ancing reactances having the following value 

(8) Xe-(+) cr-r) + (x,-X)-(x,-X.) 
whereini, k and i are the phases and r is the ohmic resist 
ance. Formula 3 follows from Formula 1 with B=0 
this latter equation now becomes an equation determin 
ing R, - 

Equation 1 can also be written Z=B-I-B with 

B= (-1. Vr-r) + (Xi-Xik) - (Xi-Xik) 
Among these three values B, i.e., B1, B2, B3, there is for 
a given furnace a smallest, a largest and a medium value 

Whenever 
one selects the value B to equal the absolute value of 
one of these three values Bmin, Bmas, Bmed, only two of 
the three conductors need balancing impedances to attain 
the object of the invention. The following possibilities 
exist: 
The first arrangement of but two impedances involves 

the insertion of an additional balancing inductive react 
ance in the central conductor and in one outer conductor 
wherein the balancing inductive reactance has the follow 
ing value 

(4) X-B (+) Wri-r)+(x,-X.) - (Xi-X) 
wherein i, k and j are the phases and r the ohmic resist 
ance and Bmax is the maximum value of B1, B2, Bs as 
defined. How this is to be computed from the equations 
of the additional reactances will be described more fully 
below. 
According to a second possibility within the scope of 

this invention the power transmission line can also be 
balanced by providing the two outer conductors with 
additional balancing capacitative reactances according to 
the following values 
(5) - 

Xe-B.C.) Vir-r)+ (X-Xii) - (X - Xi) 
wherein i, j and k are the phases, r the ohmic resistance 
in the respective phases and Bain is equal to the smallest 
of the values of B1, B2, B3 as defined above. 
The invention further includes the insertion of an addi 

tional balancing inductive reactance in the central con 
ductor and an additional balancing capacitative reactance 
in an outer conductor having the following values 
(6). 

XLo? = Baca ( wer-r) + (X-Xik) - (Xi-Xik) 
wherein i, j and k are the phases, r the ohmic resistance 
and Bmed is the intermediate value of B1, B2 and B8. 

In this invention the power transmission lines can also 
be balanced by providing additional ohmic resistances 
in the three conductors which resistances have the foil 
lowing values 
(7) 

riB-7R = (+) y CK-x.) -- (X-Xii) . 
--2 (Xi-X) -- (Xi-Xi) -- (rk-r;) 

wherein i, j and k are again the three phases, r the 
ohmic resistance and the additional ohmic resistance 
rir, 'R. rer for one conductor is arbitrarily selected. 

in the following, the rules expounded above shall be 
given more in detail and with specific reference to the 
drawings. For complete calculation I refer to my paper 
in “Elektrow:irme,” vol. 19, 8 (1961), having a title 
which reads in translation "Fundamentals for Balancing 
Polyphase Arc Furnaces.” 
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In order to basically determine the additional balanc 
ing impedances which are necessary to be added, the 
ohmic resistances and self-reactances of the various 
phases 1, 2, 3 as indicated in the drawings and i, i and k 
as indicated in the description of the invention for 
purposes of clarity which phases are coming out of the 
transformer T are assumed to be different so that the 
following relationships hold: 
(8) r1=t-ra==r8 and X11==X22--X33 
The mutual or coupling reactances are as follows: 

(9) X12=X21-1-X28=X32--X13=X31 
In the event additional balancing reactances X1, X2 

and Xs and/or balancing ohmic resistances rR, r2R and 
I'3R are utilized as the additional balancing impedances 
of the several phases, the following vector voltages can 
be obtained between the phases 1, 2 and 3 and the melt 
of the furnace O': 

Since it is desired to have a symmertical current sys 
tem, a symmetrical voltage triangle and an equal arc 
voltage at equal currents, the invention provides for a 
general rule regarding the provision of additional bal 
ancing impedances and values of the additional balancing 
reactances to achieve the foregoing conditions are as 
follows: 

(11) - 

X-B(+) cr-r) -- (X31-X82) - (X11-X) 

X-B(+)-cr-r) -- (X-X1) - (X-X3) 

X= B( +) Vir-r) -- (X28-X) - (X88-X) 
wherein 

1. 
B-5 
v 3 (UII) - (r-R)2- (r--R)2- (r3--R)? 

-2(1-R)(r. --R)-2("--R) (ra--R)-2(1-R) (r3--R) 
This is the general rule to attain perfect balancing of 

the arc furnace. In these equations U2 is the line volt 
age of the secondary winding of the arc furnace trans 
former and R the arc resistance. I is the phase current. 
in addition we have the three abbreviated equations: 

(See Equation 1 supra.) The symbols (-) represent anti 
cyclic phase order permutation. 

All of the values necessary for the computation of 
Equation 11 can be determined by each arc furnace by 
impedance measurements. These measurements are 
done by withdrawing all of the electrodes from the meit 
in the furnace and lowering two of the electrodes to 
contact the melt surface so that there is no arc there 
between. The third electrode remains above the melt. 
The values of the additional balancing reactances as 

computed in Equation 11 are at a minimum when the 
coefficient B occurring in Equation 11 is equal to zero. 
These minimum additional balancing reactances which 

would then having the following values 

(13) Xc = (+) y' cr-r) -- (X.1-X) - (Xu-X.) 
13 r Xc = (+) yon-r) -- (X12-X13) - (X22-X3) 

Xe-(+)-Vir-r) -- (X23-X) - (X3-X) 
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6 
are primarily capacitative and substantially contribute 
to the improvement of the cos (p and in addition reduce 
the potential which still exists. Cos p is the power factor. 
The arc resistance during this preferred balancing of 

the arc voltage is as follows: 

(14) Re-E 3-(r)+,+r.) 
In the drawings, wherein like reference symbols indi 

cate the same parts throughout the various views, in 
FIGURE 1 the electrodes of the arc furnace are indi 
cated as E1, E2 and E and being in contact with the 
met in the furnace indicated as O'. The 3-phase power 
transmission line has conductors 1, 2 and 3 which lead 
from the secondary of an arc furnace transformer T. 
The conductors are then connected through groups of 
flexible cables to the conductors I, I and I, mounted 
on the supporting arms of the electrodes, which are re 
spectively connected to the arc furnace electrodes. 
The power transmission line of FIGURE 1 is provided 

with additional balancing capacitative reactances on each 
of the conductors. These balancing reactances comprise 
laminated iron cores having air gaps which surround 
the conductor and coils positioned on the iron cores. 
Capacitors C1, C2 and C3 are then connected to the coils 
and Switches S1, S2 and S3 are connected across the 
capacitors in order to bypass or shunt the capacitors when 
the electrodes are short-circuited. The balancing capac 
itors have values calculated in accordance with Equa 
tion 13. 

If a capacitative coupling is not feasible because of 
economic or technical reasons, the power transmission 
line can be balanced by adding two inductive reactances 
X2, and XI. This is accomplished by positioning lami 
nated iron cores L1 and La having air gaps around the 
conductors and 2. The value of these additional in 
ductive balancing reactances is obtained from Equation 
11 if the term B is not 0, such as in Equations 13 but 
has the value of 
(15) 

wherein Bmax is the greatest of the three values B1, B. 
and B3 computed as follows: 

B = Binal i 

(15a) B= (+)-cr-r)+ (X81-Xa) - (X11-X) 

(+) cr-r) + (X23-X) - (X33-X) 
These three values are readily determined solely on 

the basis of the existing impedance values in the con 
ductors between electrodes and transformers. The largest 
one is thus easily determinable therefrom. In using 
this numerical value for a Bme, and substituting it into 
Equation 11 by virtue of the Relation 15, one of the 
X1, X2, X3 Valles will be zero and the two others are 
then calculated accordingly. The drawing shows in 
ductances in lines and 2, thus, for this example it was 
assumed B3=Bmax, so that now there follows: 

Hence, two additional reactances are needed for the 
balancing. The arc resistance resulting from this bal ancing is 

- - 
(16) RL-V3(UJI)2-9B-(r----r) 
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This arc resistance is smaller than the arc resistance in 
a purely capacitative balancing such as set forth in 
Equation 14 since the root in Equation 11 because of 
the stronger inductive reactances must now adopt a posi 
tive value which, at a constant line voltage and a con 
stant current, produces a reduction of the arc resistance. 
The energy between the arc furnace electrodes can 

also be balanced by positioning additional balancing 
capacitors on the outer conductors 1 and 3 such as illus 
trated in FIGURE 3. In this arrangement capacitors 
C and C are connected to coils positioned on lami 
nated iron cores surrounding the conductors it and 3. 
Switches S1 and S3 are connected across the balancing 
capacitors C and C. The value of the additional re 
actances in the conductors E and 3 can be determined by 
Equation 1 if B is assumed to be as follows: 

wherein B is the smallest value of the values B1, B2 
and B determined from Equation i5a, and the two capac 
itances are then determined by introducing this Bi in 
lieu of B into Equation 11. 

it is pointed out that the power factor of the arc fur 
nace can be considerably improved by balancing of the 
power transmission line by the use of capacitors. 

Proceeding next to FIGURE 4 the power transmission 
line is balanced by inserting an additional inductive bal 
acing reactance L' in the central conductor 2 and an 
additional balancing capacitative reactance C' into one 
of the outer conductors such as . The value of these 
additional balancing reactances can be determined from 
Equation 11 if the root term B is assumed to be as follows: 
(18) 

Finin 

wherein Bed is the intermediate value of B1, B2 and B3 
determined by Equations 15a and 11 in a manner anal 
ogous to those aforedescribed. 
The balancing reactances in FIGURE 4 are obtained 

by positioning a laminated iron core having an air gap 
and indicated as L' surrounding the conductor 2 and a 
capacitor C' connected with a coil positioned on a lam 
inated iron core surrounding the conductor 3. 
The present invention also provides for the balancing 

of the power transmission line by adding additional bal 
ancing ohmic resistance into the conductors. These addi 
tion ohmic resistances can be determined from Equation 
10 if therein the values X=0 are being assumed and the 
ohmic loss resistance of the conductors r, which are 
known, are supplemented by ohmic resistances rR to be 
determined. The equations now will only yield the differ 
ences between respective two such supplemented ohmic 
resistors, but this indicates that one such resistance is, 
in fact, arbitrarily selectable. 
(19) an W 

riR-2R = (- ) (X- X88) - (X22-X88) --28 (X18-X) 
-- (X3-X) -- (r-1) 

Bac as Blmed 

it is pointed out that one of the additional balancing 
ohmic resistances is arbitrarily selected. 
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The additional balancing ohmic resistance can be ob 
tained by reducing the cross-sectional area of the con 
ductors. In order to eliminate the heat because of these 
energy losses, the conductors can be cooled at those places 
where they are provided with reduced cross-sectional 
areas. For cooling, the conductors comprise a plurality 
of hollow conductors interconnected by a non-magnetic 
material such as a piastic and water circulated through 
the hollow conductors. 
With particular reference to FIGURE 5, the physical 

arrangement of the above-tientioned additional balancing 
impedances will next be described. There is illustrated 
herein an arc furnace transformer A1 with the compen 
Safed leads originating from the secondary winding of 
the transformer and connected at A in a delta. Current 
transformers A3 are provided and are connected between 
the deita connections. The conductors of the power 
transmission line are then passed through a wall A4 into 
the furnace chamber and are connected to flexible copper 
cables A5 which, in turn, are connected to water-cooled 
conducio tubes A, which are mounted on Supporting 
arms. As of electrodes A. 
The supporting arms and the conductors mounted 

thereon are arrainged in parallied for relatively long lengths 
of about Several meters. This straight line arrangement 
of tile conductors eliminates axial components of the 
iiiagnetic fields which would result in excessive interfer 
ence. In addition, because of the water-cooling the con 
ductors can have a smaller cross-section than would be 
possible if the conductors were air-cooled. 
The additional reactances Ag are mounted on the sup 

porting arms. Because of the smaller cross-section of the 
conditictors, the Weights of these additional reactances can 
be reduced, 

In the event the additional reactances Ag are positioned 
in the vicinity of the wall A, these reactances are then 
influenced by the fields of the conductor cables and by 
the triangle connections. These influences cannot be con 
trolled. 
The additional reactances Ag are mounted on the sup 

porting arms so that a minimum of a bending moment 
is produced on the arms. Since the weight of the addi 
tional reactance is of the order of only a fraction of the 
Weight of the electrode supporting arms themselves and 
of the electrode, the regulating speeds of the electrodes 
are not essentially affected. 
With the arrangement of this invention it is also pos 

sible to provide for the balancing of the high voltage side 
of the arc furnace transformer. When used for this pur. 
pose, the values of the additional impedances such as the 
reactances, or ohmic resistances are converted by the 
factor of the square of the voltage ratio of the transformer. 
It is apparent that these resistances will be changed when 
the transformer is connected to a line of another voltage. 
These additional resistances can either be positioned in 
the line on the voltage side or can be coupled by trans 
formers, 
Thus it can be seen that the present invention provides 

an accurate arrangement for the determination of addi 
tional impedances to be inserted into the conductors of 
a power transmission line for balancing this arrangement. 
Not only can this arrangement be used to balance a power 
transmission line so as to obtain an equal energy of ex 
change between the electrodes of an arc furnace, but also 
to balance the high voltage side of a transformer. 

It will be understood that this invention is susceptible 
to modification in order to adapt it to different usages and 
conditions and, acordingly, it is desired to comprehend 
Stich modifications within this invention as may fall within 
the Scope of the appended claims. 
What is claimed as this invention is: 
1. An arrangement for balancing the power trans 

mission line of a polyphase arc furnace, and comprising 
an are furnace having three electrodes therein, a 3-phase 
power transmission line having three conductors with said 
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conductors being respectively connected to said furnace 
electrodes, and additional balancing impedances in said 
power transmission line which impedances have the 
following value 

wherein indices i, j, k denote three phases and permuta 
tions thereof, with (-) denoting anticyclic permutations 
and -- thereabove cyclic permutations, r being the ohmic 
conductor resistance, X the reactance thereof with similar 
indices in a pair of indices denoting self-reactance, unequal 
indices in a pair of indices denoting mutual reactance, and 

wherein R is the arc resistance. 
2. An arrangement for balancing the power transmis 

sion line of a polyphase arc furnace, and comprising an 
arc furnace having three electrodes therein, a 3-phase 
power transmission line having three conductors with said 
conductors being respectively connected to said furnace 
electrodes, and capacitative balancing reactances in said 
three conductors having the following values of 
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wherein indices i, j, k denote three phases and permuta 
tions thereof, with (-) denoting anticyclic permutations 
and -- thereabove cyclic permutations, r being the ohmic 
conductor resistance, X the reactance thereof with similar 
indices in a pair of indices denoting self-reactance, unequal 
indices in a pair of indices denoting mutual reactance. 

3. An arrangement for balancing the power transmis 
sion line of a polyphase arc furnace as claimed in claim 2 
wherein said capacitative balancing reactances comprise 
laminated iron cores having coils thereon with a core Sur 
rounding each of said conductors, and capacitors con 
nected across each of said coils. 

4. An arrangement for balancing the power transmis 
sion line of a polyphase arc furnace as claimed in claim 3 
and further comprising switches connected across said 
capacitors for bypassing said capacitors when said elec 
trodes are short-circuited. 

5. An arrangement for balancing the power transmis 
sion line of a polyphase arc furnace and comprising an 
arc furnace having three electrodes therein, a 3-phase 
power transmission line having three conductors with said 
conductors being respectively connected to said furnace 
electrodes, and inductive balancing reactances in the cen 
ter and one outer conductor and having the values of 
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X-B-B,-(+)- (r3-r) + (Xai-X82) - (X11-X12) 55 

60 

wherein 
B 

and wherein B equais the maximum value of B1, B2 and 
B, and R is the arc resistance, with (-) denoting anti 
cyclic phase permutation. 

6. An arrangement for balancing the power transmis 
sion line of a polyphase arc furnace as claimed in claim 5, 
wherein said inductive balancing reactances comprise iron 
cores having air gaps therein. 

7. An arrangement for balancing the power transmis- 75 

65 

70 

sion line of a polyphase arc furnace and comprising an 
arc furnace having three electrodes therein, a 3-phase 
power transmission line having three conductors with said 
conductors being respectively connected to said furnace 
electrodes, and capacitive balancing reactances in the cen 
ter and one outer conductor and having the values of 

X-B-B-(+)-(r-r) + (XI-X)-(X, -X.) 
- - 3 7 2 X-B-B-(+)- (ri-r) + (X12-X13) - (X-X3) 

wherein 
B 

and wherein B equals the minimum value of B1, B, and B 
and R is the arc resistance, (-) denoting anticyclic phase permutation. 

8. An arrangement for balancing the power transmis 
sion line of a polyphase arc furnace as claimed in claim 
7 wherein Said capacitative balancing reactances comprise 
laminated iron cores surrounding said conductors and 
having coils thereon, and capacitors connected to said coils. 

9. An arrangement for balancing the power transmis 
sion line of a polyphase arc furnace as claimed in claim 
8 and further comprising Switches connected across said 
capacitors to bypass said capacitors when the electrodes 
are short-circuited. 

10. An arrangement for balancing the power transmis 
sion line of a polyphase arc furnace, and comprising an 
arc furnace having three electrodes therein, a 3-phase 
power transmission line having three conductors respec 
tively connected to said furnace electrodes, and addi 
tional balancing impedances in said power transmission 
line, said additional balancing impedances comprising an 
inductive balancing reactance on the center conductor 
and a capacitative balancing reactance on one of the outer 
conductors with said reactances having the value of 

wherein 

and wherein B equals the medium value of B1, B and 
B3 and R is the arc resistance, (-) denoting anticyclic phase permutation. 

11. An arrangement for balancing the power transmis 
sion line of a polyphase arc furnace as claimed in claim 
10 wherein said inductive reactance comprises a lami 
nated iron core having an air gap and surrounding said 
center conductor and said capacitative reactance com 
prises a laminated iron core surrounding an outer conduc 
tor with a coil positioned thereon and a capacitor con 
nected to said coil. 

12. An arrangement for balancing the power transmis 
sion line of a polyphase arc furnace, and comprising an 
arc furnace having three electrodes therein, a 3-phase 
power transmission line having three conductors with 
said conductors being respectively connected to said elec 
trodes, and ohmic balancing resistances provided in said 
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conductors which balancing resistances have the follow 
ing values 

rin-ren-(+)- (x,y- Kii) -- (X-Xii) -- 
2: (X - Xi) -- (Xi-X) :-- (rk-r) 

wherein indices i, k and i denote three phases and permu 
tations thereof, with (-) denoting anticyclic permuta 
tions and -- thereof cyclic permutations, r with one in 
deX being ohmic conditictor resistance, r" with two indices 
being ohmic balancing resistance, X being the conductor 
reactance with similar indices in a pair denoting Self 
reactance, unequal indices in a pair denoting coupling 
reactance. 

13. An arrangement for balancing the power transmis 
sion line of a polyphase arc furnace as claimed in claim 
12 wherein said ohmic resistances comprise reduced 
cross-section areas of Said conductors. 

14. An arrangement for balancing the power transimis 
sion line of a polyphase arc furnace as claimed in claim 
13 and further comprising means for cooling said con 
ductors in the area of said reduced cross-section areas. 

15. An arrangement for balancing the power transmis 
sion line of a polyphase arc furnace as claigned in claim 
1 wherein said impedances comprise at least one lami 
nated iron core having an air gap. 

16. An arrangement for balancing the high voltage side 
of an arc furnace transformer, and comprising an arc 
furnace transformer having a high voltage side and a low 
voltage side, a 3-phase power transmission line having 

O 
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three conductors connected to said high voltage side of 
the transformer, balancing impedances in the power trans 
mission line which balancing impedances have the fol 
lowing values - 

wherein indices i, j, k denote three phases and permuta 
tions thereof, with (-) denoting anticyclic permutations 
and -- thereabove cyclic permutations, r being the ohmic 
conductor resistance, X the reactance thereof with similar 
indices in a pair of indices denoting Self-reactance, un 
equal indices in a pair of indices denoting mutual react 
ance, and 

wherein R is the arc resistance, said balancing impedances 
being converted by the square of the voltage ratio of 
the transformer for adaptation to various transformers 

3. 

and voltage sources. 
17. An arrangement for balancing the power transmis 

sion line of a polyphase arc furnace as set forth in claim 
1, said balancing impedances being mounted on said elec 
trode supporting arms. 
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