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Abstract: - This paper present the results obtained by simulation for the functioning regime improvement of an 
UHP Electric Arc Furnace. Because the nonlinearity of the electric arc the EAF functioning regime are 
perturbed from three causes: the current harmonics, the reactive power and the unbalanced load. In this paper 
there are study the possibilities of harmonics filtering and compensate the reactive power. The study was made 
using the results of some measurements made on an EAF and using an electric arc model for simulation. The 
simulations are performed in PSCAD EMTDC simulation program, a program dedicated to the power system. 
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1 Introduction 
The electric arc is a nonlinear element. For study the 
behavior of the systems containing an electric arc it 
must use techniques to model the nonlinearity of the 
electric arc. Because the electric arc’s nonlinearity, 
this is a massive generator of harmonic currents and 
reactive power in electrical power system. The EAF 
are also a reactive power source because the electric 
arc is also a reactive load. The electric arc furnace is 
also and unbalance load [19]. For improving the 
functioning regime of the electric arc furnace it can 
be used harmonic filters and a reactive power 
compensation installation. The effect of these 
installations was analyzed using simulation program 
PSCAD/EMTDC [20]. PSCAD (Power System 
Computer Aided Design) is a multi-purpose 
graphical user interface capable of supporting a 
variety of power system simulation programs. This 
release supports only EMTDC (Electro-Magnetic 
Transients in DC Systems). 

For simulation it was use an electric arc model, 
depending on the nonlinearity of the electric arc. 
The modeling approach adopted in the paper is 
graphical, as opposed to mathematical models 
embedded in code using a high-level computer 
language. The well-developed graphic facilities 
available in an industry standard power system 
package, namely PSCAD-EMTDC, are used to 
conduct all aspects of model implementation and to 
carry out extensive simulation studies. 
 

2 The measurements made on 
electrical installation of an UHP EAF 
The measurements were made at a 3-phase power 
supply installation of a 3-phase EAF of 100t, to 
which were not connected the filters for the current 
harmonics, neither the load balancing device nor 
reactive power compensation. 
The methods of measuring the electric values are 
using numerical systems, based on data acquisition 
systems. It’s been used a computer system with an 
ADA3100 data acquisition board. The electric 
scheme for the measurement is show in fig. 1. 
The acquisition board allows the simultaneous 
acquisition of 3 currents and 3 voltages, for the low 
or medium voltage lines of the transformer which 
supplies the furnace. The data acquisition on the 6 
channels was made as follows: during 250 ms have 
been acquired simultaneously the data on the 6 
channels, the selected acquisition frequency being 
of 5 KHz. In this way, have been acquired the 
signals during 12,5 periods. This fact allowed that in 
case the frequency of the supply voltage is different 
of 50 Hz, the data should contain a number of 12 
full periods, selectable by program; the data 
acquisition process was restarted, during 250 ms, at 
an interval of 9,75 seconds, interval during which 
were saved in memory the previously acquired data. 
In this way, results that have been acquired, on the 
entire duration of the heat, data in time windows of 
250 ms length, the interval between two consecutive 
data windows being of 10 seconds. 
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Fig. 1. The measure scheme 

As regards to the waveforms of the currents and 
voltages on the low voltage supply line, presented in 
fig. 2, is found a strong distortion of these. Also, one 
can notice that because the amplitudes of the 
currents and voltages on the 3 phases are unequal, 
results that the load is also unbalanced. 
The power’s variation on the entire melting process 
are show in figure 4 (active power), figure 5 
(reactive power) and in figure 6 (distorted power). 

 
3.  The Electric Arc Model 
In [1], [3], [4], [11], [12], [13] and [14] was present 
some models for the electric arc. From these models 
in this paper was choose the model based on the 
empirical relation between the arc current, arc 
voltage and arc length. This model are considered 
by the authors the most appropriate model for 
describe the electric arc behavior. This model, given 

in [3], [4], [11] and in [12], considers the 
characteristic current-voltage described by relation 
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Fig. 2. The variation of measured voltages and currents 

for the three phases 
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Fig. 3. The spectral characteristic for measured currents 

and voltages 
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In this relation UA and IA are the arc voltage and arc 
current, and Ud are the threshold voltage. The C and 
D constants determine the difference between the 
current increasing part and current decreasing part 
of the current–voltage characteristic (Ca, Da 
irrespective Cb, Db). The typical values ([3], [4], 
[11], [12]) are:  Ud = 200 V, Ca = 190000 W, Cb = 
39000 W, Da = Db = 5000 A. Because the real 
values of the model parameters depend on the 
voltage arc variations, the dynamic arc voltage–
current characteristic must be an arc length function, 
given by relation ([3], [4]): 

  ( )AAA IUkU 0⋅= .   (2) 
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In (2) UA0 are the value of the arc voltage for a 
reference arc length l0 and k is the ratio between the 
threshold voltage value for arc length l, Uth(l) and 
the threshold voltage value for arc length , Uth(l0).  0l
The dynamic model for electric arc presumes that 
the relation between the threshold voltage value and 
the arc length can be expressed by: 

BlAU th += .    (3) 
In (3) A is a constant equal with the sum of cathode 
and anodic threshold voltages ( ) and B 
represent the threshold voltage on the unit length, 
having usual values of 

VA 40≅

cmV10  ([3], [4], [11]). The 
dependency of k by the electric arc length is: 

( )
0lBA
lBAlk

⋅+
⋅+

= .   (4) 

Using this model, the correction of the electric arc 
power can be done within loose limits by modifying 
the threshold voltage, which corresponds in practice 
to the modification of the distance between the 
electrodes and the metal bath.  
The simulation of the EAF installation was 
performed by using the dedicated simulation 
program PSCAD – EMTDC. This program is 
dedicated to the power systems simulation ([20]). 
PSCAD (Power Systems CAD) is a powerful and 
flexible graphical user interface to the EMTDC 
solution engine. PSCAD enables the user to 
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Fig. 5.  The variation of the reactive power on entire melting process. 

Fig. 6. The variation of the distorted power on entire melting process 

Fig. 4. The variation of the active power on entire melting process. 
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schematically construct a circuit, run a simulation, 
analyze the results, and manage the data in a 
completely integrated, graphical environment. 
The PSCAD electrical scheme of the EAF is show 
in figure 7. The parameters of the electrical 
installation of the EAF were determined based on 
the real installation on an industrial plant ([2]). The 
relation (5) and (6) show the values of the short 
network’s parameters. 
The total resistances, on each phase are: 
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And the total inductivities: 
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Because the impedances of medium voltage 
supplying line are small compared with the ones 
from the low voltage line, these were included in the 
EAF’s transformer parameters. The values of the 
main parameters of the EAF’s transformer are 73 
MVA; 30KV/0,6k; Δ/Υ. 
Following the measurements made on the EAF’s 
real installation, was observed that its operation is 
featured by the presence of an unbalanced 3-phase 
regime regardless the technological step, both on the 
low voltage supply line and the medium voltage one 
([1], [2]).  
The selection of the values of the model’s 
parameters was made in such way that the 
waveforms of the currents and voltages obtained 
following the simulation to correspond to the ones 
obtained following the measurements made on the 
real installation. In this purpose was analyzed the 
influence of each parameter which comes in the 
relation (14), finding the following: 
The constants Da and Db  have a small influence on 
the values of the amplitudes of the measured values 
as well as of the waveforms, finding that the values 
comprised between 2000 A and 50000 A do not 

modify the amplitude of the currents and voltages 
with more than 2%, for the same values of the other 
parameters. From this reason, in the performed 
simulations the values of these constants were the 
ones mentioned in literature, Da = Db = 5000 A  [2], 
[3], [5], [10]. The influence of constants Ca and Cb 
on the ignition voltage values is small.  
In simulations for these constants were taken the 
values from literature, Ca = 190000 W, respectively 
Cb = 39000 W.  In this way, for the same value of 
the extinction voltage the values of the ignition 
voltage on the two semi-alternances are different 
[2], [3], [5], [10]. 
As regards the drop voltage value used during the 
simulations, was found that this influences both the 
waveforms and the values of currents and voltages 
obtained by simulation. Was admitted Uth = 200 V. 
Based on these conclusions, combined with a great 
number of simulations, resulted that the value of the 
extinction voltage that allow the best reproduction 
of the results obtained following the measurements 
in the reduction phase is Uth = 200 V. The detailed 
results for model validation was present in [14].  

 
4. The results for the reactive power 
compensation and harmonics filters 
design 
Based on the model present in the previous section, 
it was design a simulation scheme for the entire 
electrical installation of the EAF. The simulation 
scheme is show in figure 7. The simulations are 
validating by some experimental measurement made 
on the electrical installation of an UHP EAF on an 
industrial plant in Romania. It results also from the 
simulation and from experimental measurement that 
the functioning regime are unbalanced, affected by 
the reactive power and by the current harmonics.  
The values for characterize this functioning regime 
are show in table 1 and they are result from [2].  
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Table 1 

The powers 
 

S (MVA) P (MW) Q (MVAR) D (MVAD) 

The 
power 

factor, kp 
Thdi (%) Thdu (%) 

Measure 
values 72,25 48,63 52,43 10,29 0,546 16,83 7,3 

Simulating 
values 73,51 47,36 55,97 5,35 0,644 8,44 3,17 

To determine the values of the elements of the 
harmonic filters and reactive power compensation 
installation the authors used the measurement results 
realized to the real installation on the 100 tones 
electric arc furnace. To determine the values of the 
elements of the harmonic filters and reactive power 
compensation installation was used the 
measurement results realized to the real installation 
on the 100 tones electric arc furnace. In fig. 8 are 
show the way of connecting the harmonics filters 
and the power compensation installation.  

 

 
Fig. 8. a) The way of connecting the harmonics filters 

and the power compensation installation; b) The 
equivalent electric circuit on the power supplying line. 
 
The design of the dynamic reactive power 
compensation is made for the maximum voltage 
value of the transformer ([5], [9]). The reactive 
power compensation depends of the 2 parts:  

QQQ constcomp Δ+=   (7) 
In order to obtained the power factor: 

95,0cos max =ϕ    (8) 
Result the value for the reactive power 
compensation installation: 

MVAR 2,84=compQ   (9) 

The variable component , it was choice following 
([5])  

QΔ

MVAR 4,58=ΔQ    (10) 
MVAR 25,8=Δ−= QQQ compconst  (11) 

The commutation steps design result,   
( ) .scadmisstep SuQ ⋅Δ=Δ   (12) 

The steps number results from the relation (7):  

27,13=
⋅Δ

Δ
=

scadmis Su
Qn ,  (13) 

and was choice 14 steps:  
MVAR 4,17 =Δ stepQ ,  (14) 

For determine the values of the filters capacitors it is 
necessary to know the values of the kth order 
harmonics currents, because, following the 
recommendation ([5], [9])) a capacitor with a certain 
nominal voltage , corresponding to the 
fundamental with the frequency of 50 Hz and a 
certain nominal current can functioning in a long 
time distorted regime characterized by 

50nU

50nI

501,1 nef UU ⋅=  and , which mean a 
overloading by 43%. For this reason it is important 
to determine the nominal value for the k – harmonic. 

503,1 nef II ⋅=

Taking into account of the measurements on the 
30kV supplying line feed, the nominal currents for 
the filters design are: 

- the nominal current for the 5th harmonics: 
;  AI n 1005 =

- the nominal current for the 7th harmonics:: 
; AI n 507 =

- the nominal current for the 11th harmonics:: 
; AI n 2511 =

- the nominal current for the 13th harmonics: 
. AI n 2513 =

The values for the nominal currents are greater than 
the recorded values by measure because, in practice, 
it was observed some cases of filters deterioration 
which was rigorous dimension based on the load 
harmonics generator [6], [16]. This fact is based on 
the harmonics circulation of provenance on the far 
distorted loads [10] [15]. 
The method used allows the design of the filters 
based on the conditions regarding the voltage and 
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the thermal properties of the capacitors [5].  
The first condition is:  

admCkC UUU ≤+50 ,  (15) 
Where  are the fundamental voltage, are 
the kth harmonic voltage and   are the 
admissible voltage for the choose capacitor.  

50CU CkU

admU

This can be writing as: 

adm

k
n

f U
Ck

I
U

k
k

≤+
− ω12

2
,  (16) 

where  is the phase voltage. Result the first 
condition for the filters capacity based on the 
limitation of the voltage filter: 

fU
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The second condition imposes that the filter’s power 
to be smaller than the admissible power, so: 

admCkC PPP ≤+50  ,  (18) 
Where  are the fundamental active power,  
are the kth harmonics power and  are the 
admissible power on the choose capacitor. This 
relation can be writing  

50CP ckP

admP

δω

δ
ω

δω
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I
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50 , (19) 

where δtg   are tangent for the dielectrically losses 
angle of the choose capacitor. From this relation 
result the second condition for the capacity of the 
filter: 
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Choosing filter’s capacity can be made so that the 
both relations (17) and (18) to be right.  
The filter’s inductivity for the kth harmonic can be 
made using the relation:  

Ck
L 22

1
ω

=   .   (21) 

The filter’s performances can be calculated using 
the values of the filter’s components. So, the current 
corresponding to the 50 Hz frequency is 

f
f CU

k
k

L
C

U
I ω

ω
ω

⋅
−

=
−

=
11 2

2

50 , (22) 

and the total current for the filter:  

( ) ( )22
50

k
n

k
F III += .  (23) 

If   is the reactive admissible power for one 
capacity, U0 the admissible voltage for one side and 

n the numbers of the parallel connected capacitors, 
the admissible current are: 

0Q

0

0

U
Q

nIadm ⋅=  .  (24) 

The validation of the filter design from the point of 
view of the current are made using the relation: 

3,1≤
adm

k
F

I
I   .   (25) 

The capacity voltage of the filter are obtained using 
the relation: 

Ck
I

U
k

kU
k
n

fC ω
+⋅

−
=

12

2
  (26) 

whom can be verified the cndition 

1,1
0
≤

U
UC    .   (27) 

The 50 Hz reactive power are compose from the 
capacitive and inductive reactive power. The 
capacitive reactive power are:  

2
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and the inductive reactive power 
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Because on 50 Hz frequency the filter’s impedances 
have capacitive character, result that the total 
reactive power absorbed by them are: 

1
3 2

2

50

2
5050

−
⋅⋅

=−=

k
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X
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QQQ

C

LCFiltru

 .  (30) 

An unrestrictive condition that appear in the filters 
design are that the characteristics impedances for 
the filters must be equals. That can be writing:  

131175
cccc ZZZZ ===  ,    (31) 

or   

13

13

11

11

7

7

5

5

C
L

C
L

C
L

C
L

=== .   (32) 

In the following section are present the 5th 
harmonic filter design. 
Using the relation (17) and (20) result the 
conditions: 

FCu μ52,21≥  ,  (33.a) 
FCt μ24,13≥  .  (33.b) 

For the purpose to respect simultaneous both (27) 
conditions, the filters capacity value are choose: 

FFC μμ 04,2344,116 =⋅= ,  (34) 
Result that the filter needed using 48 equivalent 
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capacitors connected in parallel therefore 96 
capacitors for the choose type. 
Based on the choose filter’s capacitor value, from 
the relation (15) result the filter’s inductivity value 

mHL 59,17=  .   (35) 
The validation of the filter design regarding current 
value is made using relations (22) – (25). It will be 
obtained  

,2,152

,164

,130
5
50

AI

AI

AI

adm

F

=

=

=

   (36) 

being accomplish also the condition impose by the 
relation (25) 

 3,107,1
5

≤=
adm

F

I
I    (37) 

Using (26) are obtained the voltage value of the 
filter capacity 

VUC  20804= ,   (38) 
value that satisfied the relation (27) 

1,199,0
0

≤=
U
UC .   (39) 

The absorbed reactive power on the 5th harmonic 
filter is obtained from (30) and result:   

MVARQFilter 785,65 = ,  (40) 
the installed power being:  

MVARQInstalled 6,95 = .  (41) 
In the same way was design also the 7th, 11th and 
13th harmonics filters. The results are in table 2.  
 
Table 2. 

                Harm order 
Parameters 5th  7th  11th  13th  

Cu [μF] 21,52 6,85 2,04 1,71 
Ct [μF] 13,24 5,31 2,057 1,88 
C  [μF] 23,04 8,64 5,76 5,76 

Number of capacitors 
parallel connected 16 6 4 4 

L [mH] 17,59 23,93 14,54 10,41 
I50 [A] 130 48 31,6 31,5 
IF

K [A] 164 69,31 40,29 40,21 
Iadm [A] 152,32 57,12 38,08 38,08 

adm

K
F

I
I

 
1,07 
<1,3 1,21 1,058 1,055 

UC [V] 20804 20312 18720 18485 

0U
UC  0,99 

<1,1 0,967 0,890 0,880 

Q(k) [KVAR] 6785 2494 1628 1624 
Qinstalled [KVAR] 9600 3600 2400 2400 

Constructively the capacitors are connected in 
double star as follow: 

- 16 equivalent capacitors (two capacitors serial 
connected) to the 5th harmonic filters, parallel 
connected, resulting on each phase 32 capacitors 
like in fig. 15; 

- 6 equivalent capacitors to the 7th harmonic filters, 
parallel connected, resulting on each phase 12 
capacitors like in fig. 16; 

- 4 equivalent capacitors to the 5th and 7th 
harmonic filters, parallel connected, resulting on 
each phase 8 capacitors. 

The sum of powers absorbed by the filters is: 
MVARQQQQQ FFFFF 53,12131175 =+++= .     (42) 

 
 
5. The simulation results  
In fig 9 are show the PSCAD EMTDC simulation 
scheme for the EAF with the harmonics filters, the 
reactive power compensation and the load balancing 
component. In this scheme the user can simulate the 
unbalancing load by selecting different length for 
the electric arc. Because the capacity value 
necessary to achieve such a battery is 14,4 Fμ , in 
order to simulate the introduction of a number of n 
steps, the value of the selected capacity in the fix 
capacitor battery’s diagram is given by the relation 
(43). 

( )F   4,1452,47 μ⋅+= nC             (43) 
The values for powers, power factors and distortions 
obtained for each of the 14 steps were written in 
table 3 for the primary furnace transformer. 
 
Table 3 

Co
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S 
(M

V
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P 
 (M

W
) 

Q
 (M

V
A

R)
 

D
 (M

V
A

D
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Kp ρ σ Thdi 
(%) 

Thdu 
(%) 

Without 
comp 73,51 47,36 55,97 5,35 0,64 1,18 0,073 4,44 3,17

Q1 56,74 47,58 30,57 4,63 0,83 0,64 0,082 3,77 2,34
1. 54,67 47,57 26,53 4,64 0,87 0,55 0,085 3,94 2,16
2. 52,91 47,65 22,55 4,61 0,90 0,47 0,087 4,12 2,06
3. 51,46 47,75 18,61 4,61 0,92 0,39 0,090 4,21 1,94
4. 50,08 47,71 14,53 4,59 0,95 0,30 0,092 4,36 1,83
5. 49,17 47,80 10,55 4,61 0,97 0,22 0,094 4,45 1,67
6. 48,49 47,83 6,51 4,58 0,98 0,13 0,095 4,48 1,58
7. 48,16 47,87 2,53 4,61 0,99 0,05 0,096 4,51 1,52
8. 48,17 47,92 -1,55 4,62 0,99 -0,03 0,096 4,56 1,48
9. 48,47 47,92 -5,61 4,61 0,98 -0,11 0,096 4,54 1,54
10. 49,18 48,00 -9,65 4,65 0,97 -0,20 0,095 4,49 1,67
11. 50,18 48,06 -13,7 4,68 0,95 -0,28 0,094 4,37 1,71
12. 51,45 48,06 -17,7 4,71 0,93 -0,36 0,092 4,26 1,79
13. 53,00 48,05 -21,8 4,72 0,90 -0,45 0,089 4,14 1,85
14. 54,85 48,10 -25,9 4,70 0,87 -0,53 0,086 4,03 1,92
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Fig. 9 The PSCAD simulation scheme for the EAF with the harmonics filters, the reactive power 
compensation and the load balancing component 

In fig. 10 are show the signal spectrum obtain by 
simulation without filters and reactive power 
compensation and in fig. 11 are show the signal 
spectrums obtain by simulation with filters and 
reactive power compensation.  
Analyzing these results, we notice that: 
The effect of using the reactive power compensation 
installation is negligible on the secondary furnace 
transformer. One can observe that the reactive 

power keeps high values, regardless the 
compensation step, fact which reflects also in 
keeping of a small value, even decreasing, of the 
power factor. 
Since the distorted power keeps high values 
regardless the compensation step, it results that on 
the secondary voltage transformer the harmonic 
filters don’t have a significant effect. 
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 6   Conclusion On the primary voltage transformer is found that the 
reactive power compensation installation allows, 
depending on the compensation step, to offer an 
adjustment of the reactive power within +30,57 
MVAR  ÷  -25,93 MVAR. This makes that, for a 
certain step, the reactive power value to be the 
closest to zero.  

From all previously presented, resulted that the 
simulations concerning the operation of the reactive 
power’s compensation installation confirm the 
expecting conclusions, that the installation allowing 
obtaining a power factor very close to 1. 
Analysis of the effects of using filters on the 
harmonics 5, 7, 11 and 13 can be made comparing 
the current and voltage harmonics’ spectral 
characteristics on the voltage supplying line, 
obtained for the electric installation’s operation 
without filters (fig. 10) and the ones obtained when 
the filters are used on the optimal compensation 
step, the 8th from table 2, presented in fig. 11. One 
can observe that, in case of using harmonic filters, 
the harmonics’ amplitude for which were placed the 
filters is greatly reduced, against the situation when 
these were not used. However, as expected, the 
deforming power can not be cancelled because, in 
the current’s and voltage’s specters, besides the 
harmonic of rank 5, 7, 11 and 13 for which were 
designed the filters, there are on one side also other 
harmonics of which effect was not cancelled but 
also a series of inter-harmonics which, together, 
contribute at generating of a distorted power. 

One can observe that the variation of the reactive 
power between two subsequent steps is of 
ΔQstep,sim=4,04 MVAR, lower than the designed one, 
ΔQstep=4,17 MVAR , given by the relation (14) due 
to the fact that the selected value for capacity on one 
phase of a compensation step is lower than the one 
resulted by calculation. 
The reactive power’s value compensated by the fix 
batteries (difference between the reactive power 
values from the first two lines of table 3 is 
Qconst,sim=25,4 MVAR, closed to the one resulted by 
designing Qconst=25,8 MVAR, given by the relation 
(7).  
The value of the total compensated reactive power 
(difference between the reactive power values from 
the first and last line of table 3) is Qcomp,sim=81,9 
MVAR, and the one resulted by designing 
Qcomp=82,4 MVAR, given by the sum of the 
relations (7) and (9). In conclusion, it was proven by simulation that the 

values obtained for the parameters of the reactive 
power’s compensation installation, as well as of 
filters’ for the harmonics of rank 5, 7, 11 and 13 
allow a significant improvement of qualitative use 
indicators of the electric power at the electric arc 
furnace, both from power factor’s viewpoint, of 
powers in deforming regime, as well as of the 
current’s and voltage’s total and partially balanced 
harmonic distortion. 

One can also observe that, practically, in the 
moment when the reactive power is null, the active 
power is approximately equal with the apparent one, 
fact which leads to obtaining of some maximum 
values of the power factor. The maximum values for 
the total harmonic distortions are obtained for power 
factor values close to 1.  
Also, the obtained values are close to the measured 
values on the medium voltage supply line. 
  

Fig. 10. The signal spectrum obtain b

 
y simulation without 

filters and reactive power compensation 
Fig. 11. The signal spectrum obtain by simulation after 

currents filtering and reactive power compensation  

WSEAS TRANSACTIONS on CIRCUITS AND SYSTEMS Manuela Panoiu, Caius Panoiu, Mihaela Osaci, Ionel Muscalagiu 

ISSN: 1109-2734
30

Issue 1, Volume 7, January 2008



References: 
[1] Panoiu M, PhD Thesis, Some processes 

simulation based on three phase electric arc 
furnace modeling, Politechnical University of 
Timisoara, Romania, 2001   

[2] Panoiu M., Panoiu C., Sora I., Experimental 
Research Concerning the Electromagnetic 
Pollution Generated by the 3-Phase Electric 
Arc Furnaces in the Electric Power Supply 
Networks, Acta Electrotehnica, nr. 2, vol 47, 
2006, pp 102-112. 

[3] Panoiu M, Panoiu C, Modeling and simulating 
the AC electric arc using PSCAD EMTDC, 
Proceedings of the 5th  WSEAS International 
Conference on System Science and Simulation 
in Engineering, Tenerife, Spain, December 16-
18, 2006 

[4] Panoiu M., Panoiu C., Osaci M, Muscalagiu I,  
Simulation Results for Modeling the AC 
Electric Arc as Nonlinear Element using 
PSCAD EMTDC, WSEAS Transaction on 
Circuits and Systems,  2007, pp 149-156. vol 6 

[5] Ionescu T., Pop O., The power delivery 
engineering systems, Technical publ, Bucureşti. 

[6] Chiuţă I., Conecini I., The compensation of the 
distorted functioning regime, Technical publ, 
Bucureşti, 1989  

[7] Harmonics Working Group IEEE PES T&D 
Committee,  Modeling of components with 
nonlinear voltage current characteristics for 
harmonic studies, Power Engineering Society 
General Meeting, IEEE, 2004, vol. 1., pp 769-
772 

[8] IEEE Working Group on nonsinusoidal 
situation, Practical definitions for powers in 
systems with nonsinusoidal waveforms and 
unbalanced loads, IEEE Transactions on Power 
Delivery, vol. 11,  1998, pg. 79-87. 

[9] Guan, JL, Yang, MT, Gu, JC, et al., Effect of 
harmonic power fluctuation on voltage flicker, 
Proceedings of the 11th WSEAS International 
Conference on Systems       Pg 429-435,     
2007   

[10] Buta, A., Pană, A., Ivaşcu, C., Reactive power 
compensation criteria in unbalanced electrical 
networks, Energetica, vol. 45, 1997, pp. 289-
294.  

[11] Montanari, G.C., Loggini, M., Cavallini, A., 
Pitti, L., Zaminelli, D., Arc-Furnace model for 
the Study of Flicker Compensation in Electrical 
Networks, IEEE  Transactions on Power 
Delivery, vol. 9, No. 4, 1994, pg. 2026-2036  

[12] Tang, L., Kolluri, S., Mark, F. Mc-Granaghan, 
Voltage Flicker Prediction for two  
simultaneously operated Arc Furnaces, IEEE 

Transactions on Power Delivery, vol. 12, No. 
2, 1997. 

[13]  Benoit Boulet, Gino Lalli and Mark Agersch, 
Modeling and Control of an Electric Arc 
Furnace, Proceedings of the American Control 
Conference, Denver, Colorado, 2003, pp. 3060-
3064.  

[14] Cano Plata E.A., Tacca H.E., Arc Furnace 
Modeling in ATP-EMTP, The 6th International 
Conference on Power Systems Transients 
(IPST), 2005, june 19-23, Montreal Canada 

[15] Manuela Panoiu, Caius Panoiu, Ioan Sora, 
Mihaela Osaci, Ionel Muscalagiu, Modeling, 
Simulating And Experimental Validation of the 
AC Electric Arc in the Circuit of Three-Phase 
Electric Furnaces, EUROSIM 2007 Congress,  
9-13 sept. 2007, Ljubljana, Slovenia, 10 pag. 

[16] Popadiuc, S, Topalis, F, Geambasu, C, New 
achievements for Romanian engineering 
training in modelling power systems, 
Proceedings of the 6th WSEAS International 
Conference on Applications of Electrical 
Engineering, 2007   pg: 229-234    

[17] Popescu M, Bitoleanu, A., The harmonics 
mitigation to input of static converter and 
electric driving systems, WSEAS Transactions 
on Systems, v 4, n 9, September, 2005, p 1546-
1555 

[18] Jinsong, Zhang, Chengmin, Wang, Study on 
reactive power optimization problem taking the 
line current as state variable, WSEAS 
Transactions on Mathematics, v 4, n 3, July, 
2005, p 231-235 

[19] GA'Eb, JA, Reactive power control for 
Unbalanced Load, Proceedings of the 2nd 
IASME/WSEAS International Conference On 
Energy & Environment, 2007  Pages: 176-181,  

[20] *** www.pscad.com 
 
 
Acknowledgments:  
This research has done by a grant research support. 
This project has been selected and funded by the 
BALKAN ENVIRONMENTAL ASSOCIATION 
(B.EN.A.), with the COSMOTE-ROMANIA 
sponsorship funds. 
 
 

WSEAS TRANSACTIONS on CIRCUITS AND SYSTEMS Manuela Panoiu, Caius Panoiu, Mihaela Osaci, Ionel Muscalagiu 

ISSN: 1109-2734
31

Issue 1, Volume 7, January 2008

http://www.engineeringvillage2.org/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bBitoleanu%2C+A.%7d&section1=AU&database=8193&yearselect=yearrange&sort=yr
http://www.engineeringvillage2.org/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bJinsong%2C+Zhang%7d&section1=AU&database=8193&yearselect=yearrange&sort=yr
http://www.engineeringvillage2.org/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bChengmin%2C+Wang%7d&section1=AU&database=8193&yearselect=yearrange&sort=yr
http://www.pscad.com/

	7th 

