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Electric Arc Furnace Voltage Flicker Mitigation by Applying a Predic-
tive Method with Closed Loop Control of the TCR/FC Compensator 

 
 

Arash Kiyoumarsi†, Mohhamad Ataei, Rahmatollah Hooshmand*  
and Arash Dehestani Kolagar* 

 
Abstract – Modeling of the three phase electric arc furnace and its voltage flicker mitigation are the 
purposes of this paper. For modeling of the electric arc furnace, at first, the arc is modeled by using 
current-voltage characteristic of a real arc. Then, the arc random characteristic has been taken into ac-
count by modulating the ac voltage via a band limited white noise. The electric arc furnace compensa-
tion with static VAr compensator, Thyristor Controlled Reactor combined with a Fixed Capacitor bank 
(TCR/FC), is discussed for closed loop control of the compensator. Instantaneous flicker sensation 
curves, before and after accomplishing compensation, are measured based on IEC standard. A new 
method for controlling TCR/FC compensator is proposed. This method is based on applying a predic-
tive approach with closed loop control of the TCR/FC. In this method, by using the previous samples 
of the load reactive power, the future values of the load reactive power are predicted in order to con-
sider the time delay in the compensator control. Also, in closed loop control, two different approaches 
are considered. The former is based on voltage regulation at the point of common coupling (PCC) and 
the later is based on enhancement of power factor at PCC. Finally, in order to show the effectiveness of 
the proposed methodology, the simulation results are provided. 
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1. Introduction 
 
Electric arc furnaces (EAFs) are the largest concentrated 

loads in the power systems. Considering the fast and exten-
sive variations of active and reactive power, EAFs bus 
voltage is unbalanced and severely oscillatory. If the sup-
ply system of the furnace is not strong enough, static VAr 
compensators can be used for voltage stabilization and 
reactive power compensation at furnace bus. 

The most important problems about EAF operation are 
voltage flicker propagation, harmonic injection and severe 
unbalances between phases. Because of the random motion 
of the electric arc, just as arc length varies during melting 
process, severe oscillation in supply circuit is occurred. 
When the frequency of this variation is bounded in the 
range of 1-30Hz, flicker can occur. In addition, because of 
the interaction of time delay in arc creation and the arc 
severe nonlinear v-i characteristic, harmonics and inter-
harmonics can be created. Nonlinear, time-variant and ran-
dom nature of EAFs operation beside high electric energy 
consumption of these loads, motivate the researchers to pay 
special attention to analyze these loads. Some of these re-
cently performed researches are mentioned in the next 
paragraph.    

In 1998, J. Jatskevich et al. [1] worked on adaptive VAr 

compensator (AVC) which was installed to reduce flicker. 
The model also includes a simulation of the UIE/IEC 
flicker meter to determine the effectiveness of the AVC in 
an objective manner. In 2000, A. Garcia-Cerrada et al. [2] 
worked on performance of the Thyristor-controlled reactors 
in comparison with shunt-connected PWM voltage source 
inverter (PWM-VSI) for compensation of flicker caused by 
electric arc furnaces. An improved measuring procedure 
was suggested to enhance TCR performance that achieves 
faster compensation than traditional methods. In 2003, A. 
Hernandez et al. [3] evaluated flicker magnitudes of rap-
idly varying loads by means of a new frequency domain 
method and analytical expressions of the instantaneous 
flicker sensation were obtained in terms of inter-harmonic 
voltages and in 2005, S. Prins et al. [4] presented a solution 
in order to obtain an optimum flicker reduction at a com-
paratively low capacity compensator power rating by an 
anti-windup extension of the controller.    

In this paper in order to use the measured arc voltages 
and currents-to describe the arc electrical behavior-a prac-
tical model of EAF based on random variables is proposed. 
Then, voltage flicker that appears from EAF's operation is 
compensated using static VAr compensator. A method for 
TCR/FC control is also suggested. This proposed method is 
based on applying a predictive method beside the TCR/FC 
closed-loop control. Although, this new approach is not 
completely able to compensate the flicker intensity, it can 
suppress flicker level much better than conventional methods. 

At a detailed glance, section 2 commences to explain the 
electric arc furnace operation and its electrical characteris-
tics. A model for EAF is used which is able to minimize 
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error compared with actual arc voltage-current characteris-
tics. Different operating stages of EAF such as scrap, melt-
ing and refining can be considered via this model in simu-
lations. Section 3 introduces the description of the flicker, 
the flicker-meter and the results of instantaneous flicker sen-
sation curves and their corresponding cumulative probability 
function (CPF) curves for several time instances. In a 
glimpse, the results of instantaneous flicker level (IFL) and 
CPF for the closed-loop control of the TCR/FC compensa-
tor using voltage regulator approach and obtained results 
are compared for the EAF according to the one obtained 
before compensation in section 4. The results for another 
closed-loop control of the TCR/FC compensator based on 
power factor enhancement are presented in section 5. In 
this section, at first, power factor in polluted systems is 
briefly studied and based on previously-defined equations 
and related relations, power factor at PCC, in which both 
harmonics and unbalances are present, reactive power 
compensation is successfully carried out. Section 6 con-
tains the application of a predictive method to compensate 
the delay time in SVC. Using this prediction approach, 
considering the previous and present values of the load 
reactive power, its future values will be predicted. Then, 
issues related to predictive closed-loop of TCR/FC for the 
EAF are discussed and addressed at the end of paper, i.e. in 
sections 7 and 8. In these two sections the obtained IFL and 
CPF curves for the closed-loop control and their predictive 
form based on voltage regulation at PCC are studied. Fi-
nally, the predictive closed-loop control of TCR/FC, which 
its operation is based on power factor enhancement, is in-
cluded in section 9. The paper ends with a few conclusions, 
several suggestions to commence to the new researches on 
these closed-loop methods in section 10. 

 
 

2. EAF Modeling 
 
EAFs are often used to melt and to refine metals. Due to 

recently-developed numerous applications of EAF in metal 
industry; they affect seriously power quality problems and 
cause them to be rapidly increased. Therefore, one of the 
most important sources of harmonic generation, voltage 
flicker and unbalance in power networks are EAFs. To find 
methods to reduce these destructive effects, the impression 
of these nonlinear and time varying loads on power quality 
indexes in all over the power system should be evaluated. 
Therefore, knowing time domain response of an EAF for 
this evaluation is very important. On the other hand, having 
an exact and practical model of an EAF that explains un-
predictable, non periodic and nonlinear behavior of an 
electric arc is necessary. Fig. 1 shows equivalent circuit of 
a balanced EAF. 

Different models for EAF are previously proposed. Al-
though these models can represent the arc phenomenon 
behavior, to evaluate the problem more exactly, these mod-
els do not cover some properties of the arc such as random 
operation characteristic. Furthermore, these models propose 
a mathematical deterministic equation for arc v-i characteristic. 
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Fig. 1. Single line diagram of the EAF equivalent circuit. 
 

In this paper, we try to propose a method to model EAFs 
that contains random behavior of the arc and has minimum 
error compared with actual arc model. This means that for 
a special EAF, by sampling arc current in each stage of 
EAF operation such as scrap, melting and refining, we ob-
tain the arc model. Thus, after sampling ac current in each 
stage of furnace operation, applying a program, arc is mod-
eled as a current controlled voltage source. Corresponding 
to the input current that is the arc current, arc voltage is 
obtained by interpolating based on previous samples. Ac-
cording to random behavior of the arc and the fact that in 
this paper we want to lay stress on this property, in order to 
model arc random nature, a band limited white noise based 
on existing frequency band in flicker, is generated and ob-
tained voltage is modulated by the white noise [5]. The 
preference of this model to the others is that this model is 
based on actual samples obtained from EAF. Therefore, 
this model has a behavior close to the actual arc. Simula-
tion results for arc model, with including flicker noise, are 
shown in Fig. 2. 
 

 

Fig. 2. V-I characteristic of the electric arc, considering 
flicker: X-axis shows current in kA and Y-axis 
shows voltage in V. 

 
 

3. Voltage Flicker and Its Measurement 
 

3.1 Description of Voltage Flicker Phenomenon 
 
Participators of electric industry generally expect a high 

quality voltage source from generation companies. But 
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because of some reasons, fluctuations and distortions may 
be occurred in their supply voltage and cause customer 
dissatisfaction or production of some fatal effects on their 
equipment. Therefore, voltage fluctuation evaluation prob-
lem, the ways of its mitigation and power quality improve-
ment are considered from generation companies' point of 
view. Sudden variation in equipment current loads such as 
electric arc furnace, rolling systems, excavation and weld-
ing systems and starting current of electric motors can 
cause voltage flicker in power networks. Voltage fluctua-
tion effects can be seen in decreasing and increasing the 
intensity of light of the lamps and also flight in TV images 
and effects on hospital systems.  

 
3.2 Principles of IEC Flicker Meter 

 
IEC flicker meter simulates spectator reaction independ-

ent of flicker source [6], [7]. In fact because the flicker 
meter operates based on flicker distinction feeling, measure-
ment of flicker is relative. The basis of flicker calculation 
by IEC flicker meter is that flicker intensity in input wave-
form is considered according to the quantity proper with 
flicker intensity [6], [9]. In this manner the value of the 
corresponding quantity shows existing flicker indicator at 
each moment in input signal and also is an indication of the 
intensity and weakness of the flicker. The name of this 
quantity is IFL. The IFL is an indication of instantaneous 
flicker value in each moment [8], [10]. Fig. 3 shows the 
block diagram of the IEC flicker meter. 

 

 

Fig. 3. IEC Flicker-meter block diagram [11]. 
 

3.3 Description of the Flicker-meter Blocks [6-12] 
 

Block 1: Input Voltage Adaptor 
This block contains a signal generator for controlling of 

the flicker-meter calibration and voltage adaptor circuit 
that scales the input RMS voltage to a suitable level for 
internal reference level. 

 
Block 2: Squaring Demodulator  

The purpose of this block is to simulate the lamp behavior 
by squaring the input voltage. In fact this block separates 
the modulator signal from carrier signal. 

 
 

Blocks 3, 4: Weighting Filters 
Block 3 contains two consecutive filters and one selector. 

The first filter eliminates the DC component and compo-
nents with frequencies equal to double fundamental fre-
quency. The second filter contains frequency response of 
the flicker-meter as compared with modulating fluctuations. 

Block 4 contains a squaring multiplier and first-order 
low pass filter. As a result, by using the performance of 
blocks 2, 3 and 4, nonlinear response of human feeling to 
voltage fluctuations, according to the lamp-eye-brain chain 
shape, is simulated. The combined lamp-eye transfer func-
tion is given as, 
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in which 6357.1=k , 184.26=λ , 034.571 =ω ,  

184722 =ω , 7617.83 =ω  and 79.1084 =ω . 
Block 5: online statistical evaluation on flicker levels 

 
Block 5 carries out an online statistical evaluation on 

flicker levels. Therefore, direct calculation of the important 
parameters is possible. In this block, flicker signal is sam-
pling with a constant rate. In each moment, that the flicker 
signal magnitude is specified, the number of corresponding 
counter is increased. Therefore, the frequency distribution 
function of the input values can be found. If the sampling 
frequency is chosen properly (that should be greater than 
the maximum flicker frequency), flicker level distribution 
at that time period will be determined at the end of the 
measurement time. The CPF of the flicker levels can be 
obtained from adding the number of all counters and then 
considering the number of each class in comparing with the 
obtained total value. By using these results we can obtain 
the cumulative probability function. By using CPF, impor-
tant statistical values such as average value, variance of the 
flicker level over observation time period of the flicker 
level for specified percent of time and increments or dec-
rements from that prescribed levels can be obtained. 

 
3.4 Applying IEC Flicker Meter in Three Phase EAF 

before Compensation 
 
For obtaining instantaneous flicker sensation curve, IFL 

curves were evaluated for 15-sec intervals. So that Pst 
value in each second is obtained by considering the IFL 
curve in the same instant. Finally having 15 points, instan-
taneous flicker sensation curve is estimated. Fig. 4 shows 
IFL curve and its corresponding CPF curve for 1st  Second. 
Fig. 5 shows the instantaneous flicker sensation curve for 
the phase to ground voltage of the three phase EAF before 
compensation. 
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Fig. 4. IFL curve (a) and its corresponding CPF curve (b) 
for 1st Second. 

 

 

Fig. 5. Instantaneous flicker sensation curve before  
compensation. 

 
 

4. Closed Loop Control of the TCR/FC  
Compensator using Voltage Regulator Approach 
 
In closed loop control of the TCR/FC compensator, a 

voltage error that is the difference between actual voltage 
and exerting reference voltage to the compensator, is 
measured. This error is applied for increasing or decreasing 
the susceptance of the compensator. In this method the 
response speed and stability are determined by closed-loop 
gain coefficient and regulating system time constants. Here, 
closed-loop gain coefficient is proportional to source im-
pedance or system impedance. This means that by increasing 

the system impedance, compensator response speed is in-
creased but stability of the system is decreased. Considering 
the nonlinear relation between voltage error and compensa-
tor current, we apply a linearizing system that is the same 
susceptance calculator system is applied [13]. Fig. 6 shows 
the compensator system block diagram using voltage regu-
lation approach. In Fig. 6, set of linearizing blocks, firing 
pulse generator and variable susceptance are the same as in 
open loop system and parallel to their operations, deter-
mined exerting firing angle is applied to the TCR Thyris-
tors. This means that the obtained firing angle variation is 
finally added to or subtracts from the open-loop system 
firing angle. This approach can compensate voltage flicker 
to some extent. Here, voltage error amplifier is applied to 
gradually suppress the error. Fig. 7 shows the equivalent 
circuit of the EAF with TCR/FC compensator. It can be 
seen that the power system of EAF contains harmonic fil-
ters for 2nd, 3rd, 4th and 5th order harmonics. These tuned 
filters are carefully designed by the authors according to 
the different constraints such as resonance of each filter 
with the whole network. It is supposed that they will ap-
proximately suppress the mentioned existing harmonics 
below the desired values. 

In closed loop control, the firing angle difference ( αΔ ) 
with respect to the open loop firing angle ( LoopOpen−α ) is 
calculated based on the ideas followed in Figs. 8. At first, 
for a fundamental reactive power demand, LoopOpen−α  is 
estimated. Then, according to the Figs. 8 αΔ  is evaluated. 
Finally, closed loop firing angle ( TOTα ) is calculated. 
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Fig. 6. Compensator block diagram based on closed loop  
control system using voltage regulation approach 
[13]. 
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Fig. 7. The equivalent circuit of the EAF with TCR/FC  
compensator. 
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Fig. 8. αΔ  calculation in voltage regulation approach 
 
Then, the compensators will try to carry out the compen-

sation only for the fundamental component reactive power. 
To accomplish the prescribed method, at first line-to-line 
sampled voltages obtained from EAF are used to calculate 
consuming reactive power and susceptance. So by using 
the set of equations (2) [14], arc consuming reactive power 
and corresponding susceptances of the electric arc are ob-
tained and, then, electric arc line-to-line voltages are ob-
tained by dividing the value of the reactive powers to the 
susceptances [13], 
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Where U is the rms value of the phase voltage, uab(t), ubc(t) 
and uca(t) are the instantaneous values of the line-to-line 
voltages and also ia(t), ib(t) and ic(t) are the line currents. 
Furthermore, 
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After obtaining sampled voltages, these voltages will be 

compared with reference voltages. In fact reference voltage 
is line-to-line voltage at PCC, whenever there are no load 
and compensators. Then, by using obtained voltage error 
and measured reactive power at PCC, the susceptance 

variation is measured and consequently firing angle varia-
tion is obtained. In fact, by using present reactive power at 
PCC and obtained voltage error, required susceptance for 
eliminating the error is found and in continuation, required 
firing angle variation to reach to this susceptance is ob-
tained. If the measured reactive power at PCC is negative, 
this variation of firing angle is subtracted from the open 
loop control system firing angle. Because the negative 
value reactive power at PCC means that TCR absorbs reac-
tive power lower than the essential value, therefore the 
firing angle should be decreased. On the other hand, if the 
measured reactive power at PCC is positive, this variation 
of firing angle, will add to the open loop control system 
firing angle. Because the positive reactive power at PCC 
means that TCR absorbs greater reactive power than the 
essential value, therefore, the firing angle should be in-
creased [13], [15]. Equations (4) and (5) show how to exert 
the αΔ  to the firing angle obtained from open loop con-
trol system. 

 
0≥− ⇔Δ+= PCCLOOPOPENTOT Qααα         (4) 

0≤− ⇔Δ−= PCCLOOPOPENTOT Qααα         (5) 
 
 

5. The Proposed Closed Loop Control of the 
TCR/FC Compensator using Power Factor  

Enhancement Approach 
 
One possibility in compensation is to set the total average 

power factor (load and compensator) and another option is 
to set pure compensation in zero MVAr average value. The 
concept of this method is that there is no compensation for 
the load in steady state, but for the load variation, fast 
compensation is exerted from the open loop control system 
[13]. Reactive power regulator or closed loop control sys-
tem power factor regulator response speed is slower in 
comparison with open loop control system. In this section, 
closed loop control of the TCR/FC compensator, with the 
purpose of power factor enhancement is evaluated. In this 
method by calculating the firing angle variation that can 
make the whole power factor closer to the desired power 
factor, and exerting it to the firing angle that obtained from 
the open loop control system, the total power factor is en-
hanced. 

 
5.1 Power Factor in Polluted Systems 

 
In sinusoidal balanced systems, power factor is defined 

as the cosine of the phase angle difference between voltage 
and current phasors. But in polluted systems, because of 
voltage and current harmonic phasors, this definition can 
not be used [16]-[20]. In non-sinusoidal systems, to find 
power factor, at first, the existing harmonic components 
should be identified. For example, by considering the case 
study system in this paper, the 2nd, 3rd, 5th and 7th harmonics 
are taken into account. Then using proper filters, the different 
harmonic components will be separated from each other. 
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For example for separating the fundamental component, by 
taking the system frequency (50Hz) into account, we 
should pass the signal from the low pass filter with a cut-
off frequency equal to 80Hz. In the same manner, the other 
harmonic components are separable. At the next step, by 
using the set of Equation (6) and fundamental components 
of voltages and currents, positive, negative and zero se-
quence components of fundamental voltage and current 
signals can be obtained [18], [21], [22]. Fig. 9 shows the 
simulated block diagram based on the set of Equation (6): 
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where In the following equation, ua1(t), ub1(t) and uc1(t) are 
the fundamental components of the phase voltages ob-
tained through filtering the phase voltage signals and also 

)(1 tu + , )(1 tu −  and )(0
1 tu  are positive, negative and zero 

sequence components of fundamental phase voltages re-
spectively. Corresponding parameters for line currents and 
line-to-line voltages can be calculated in the same manner. 
Then, using the RMS value of positive sequence compo-
nent, active power ( +

1P ) is obtained as follows: 
 

++++ = 1111 3 φCOSIVP                (7) 
 

where +
1V  and +

1I  are the rms value of the positive se-
quence component of fundamental component of the phase 
voltage and line current, respectively. +

1φ  is also the phase 
difference between +

1V  and +
1I .  

Total apparent power, considering all harmonic compo-
nents, can also be obtained as follows:  
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In Equations (8) and (9), 1eV  and 1eI  values are cal-

culated from Equations (11) and (12) respectively. The 
other components are calculated in the same way. 
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Finally, power factor can be defined according to the 

Equation (13) in polluted and unbalanced environments 
[18], [21], [22]. 
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By accomplishing above process, the simulated power 

factor at PCC is shown in Fig. 10. 
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Fig. 9. Block diagram of set of Equation (6). 
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Fig. 10. Obtained waveform for power factor. 

 
5.2 Closed Loop Control of the Compensator using 

Power Factor Enhancement Approach 
 
In this section, at first, the actual power factor at PCC is 

obtained and then it is compared with the desired power 
factor. At the next step, by varying the TCR firing angle, 
we cause actual power factor to be close to the desired one. 
With acceptable approximation, it can be seen that measured 
power factor at PCC, is arisen from phase difference between 
fundamental component of arc voltage and current, funda-
mental component of filter voltage and current and TCR 
voltage and current. In this approximation, the harmonic 
effects in calculation of the phase difference between volt-
age and current of the arc and filters are neglected. But this 
simplification is not applied to TCR. We suppose that the 
total phase difference between TCR voltage and current by 
considering the harmonic effects is β . Phase difference 
between arc voltage and current fundamental components 
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depends on system nature and we can not vary it. But we 
can vary the phase difference between TCR voltage and 
current by changing the switching strategies. Therefore, by 
setting the TCR switching pattern, we can make actual 
power factor close to the desired one. For this purpose, we 
will obtain β  in two states. At the first state, β  is ob-
tained from the actual measured power factor and at the 
second state, β  is obtained from the desired reference 
power factor, respectively. The difference in these two 
states is calculated and exerted on TCR firing angle. In fact, 
by applying this approach, β  reaches to the desired β . 
Consequently, power factor enhancement is expected. As-
suming that the phase difference between arc voltage and 
current fundamental component is +

1φ  and the one for the 
filter is +

1δ , then, Equation (14) can be written approxi-
mately as follows:  

 
)( 11

++ ++≈ δφβCosPF             (14) 
 

Consequently β  angle can be obtained from Equation (15): 
 

++− −−≈ 11
1 )( δφβ PFCos             (15) 

 

It can be proved that β  is approximately equal to o90 , 
if voltage of each phase of the TCR is considered to have 
sinusoidal form. The instantaneous waveform of current of 
the TCR, is shown in Fig. 11. By applying Fourier series to 
the current waveform, according to Equation (16) only 
cosine terms are appeared. Consequently the phase differ-
ence is approximately equal to o90 . 

 

∑
∞

=

=
,...5,3,1

)(
n

n tCosnati ω                (16) 

 
In continuation, for each phase, β  is calculated sepa-

rately for two different conditions. One is actual measured 
power factor and another one is desired reference power 
factor. By using the difference of the β  in these two 
states and passing βΔ  through a PI controller, αΔ  
value can be obtained for each phase of the TCR. After 
obtaining αΔ , because of its variation over one period, 

 

 

Fig. 11. TCR instantaneous current waveform. 

we sample αΔ  at starting point of each cycle and this 
sample is αΔ  value over that cycle. Obtained αΔ  is 
added to the firing angle that is obtained from open loop 
control system, in each cycle. By using actual power factor 
and reference power factor equal to 0.9, βΔ  value is ob-
tained and then we can reach to αΔ  and exert it to open 
loop firing angle. Fig. 12 represents the mechanism of cal-
culating αΔ . It can be seen in Fig. 13 that power factor is 
improved after exerting αΔ , i.e., closed loop control based 
on controlling power factor. 
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Fig. 12. αΔ  calculation in power factor enhancement  
approach. 
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Fig. 13. Comparison the power factor average value before 

(lower curve) and after (upper curve) exerting αΔ . 
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6. Applying a Predictive Method in Closed Loop 
Control of TCR/FC Compensator 

 
The ability of the static VAr compensator (SVC) to miti-

gate the flicker intensity depends on its reaction speed. The 
speed of these compensators is limited by delay in meas-
urements of the Thyristors firing angle circuits. In this pa-
per, by applying a predictive method to compensate the 
delay time, enhancement of the compensator performance 
is achieved. In this method by using the previous values of 
the load reactive power, its future values are predicted. 
Maximum delay in Thyristor ignition is half cycle of line 
frequency. Due to this inherent delay, the compensator abil-
ity to reduce flicker intensity depends on the frequency of 
reactive power variations. With the load variation frequen-
cies of up to almost 6Hz, compensator performance is very 
good. But at variations with higher frequencies, SVC can 
not compensate the load effectively. In this paper by apply-
ing a predictive method to compensate the delay time, we 
improve the SVC performance in flicker reduction [23]. 

 
6.1 Improving Compensator Performance with Esti-

mating Load Reactive Power in Future Times 
[23] 

 
To reduce the negative effects of the time delay, we try 

to estimate the load reactive power in future times. Pre-
dicted values are used to compensate the delay time as a 
reference for static compensator. Reactive power estima-
tion is accomplished using previous sample values of the 
reactive power. The Laplace transform of the lead time T 
prediction function can be written as, 

 

1

0
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∑≅               (17) 

 
The optimum coefficients are found by minimizing the 

following error function [23], 
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In which 1ω  and 2ω  values depend on compensation 

frequency range. They are chosen in a manner that the fre-
quency of the signal that we want to shift it to the left in 
time domain, should locate between them. Therefore, the 
following set of equations needs to be solved to find the 
optimum coefficients [23]. 
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        (19) 

 
Table 1 shows obtained coefficients for the signal with 

frequency equal to 50Hz and msT 10= , msT 141 =  and 
3=M . 

Table 1. Optimum coefficients for voltage and current pre-
diction 

 X1=2.2 
X2=4.08 

X1=2.51 
X2=3.77 

K0 -1.2691 -1.1270 
K1 -0.1118 -0.1692 
K2 -0.2740 -0.3129 
K3 0.0976 0.0368 

 
6.1 Creation of the Predictive Block 

 
Considering the nK  optimum values that obtained in 

the last part, we can design the predictive block according 
to Fig. 14. We can change the measure of shifting to the 
left, depending on our requirement by setting the values of 
r  and 1T  parameter s. But in this paper, because of the 
half cycle time delay in TCR control, the best value for 
shifting to the left is one half-cycle. It is notable that full 
conduction is achieved with a firing angle of o90  and 
partial conduction is obtained with firing angles between 

o90  and approximately o180 (Fig. 15) [15]. 
Now, using predictive block, all of the signals that inter-

fere on determining the Thyristors firing angles, are shifted 
to the left for one half cycle. Consequently, by considering 
the delay time compensation in reactive power provided, 
we can expect flicker intensity mitigation. 
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Fig. 14. Predictive block. 
 

 
Fig. 15. Voltage and current waveforms in a TCR for  

different Thyristor firing angle,α [14]. 
 
 

7. Applying IEC Flicker-meter After Closed Loop 
Compensation Method using Voltage  

Regulation Approach 
 
After closed loop control of the TCR/FC compensator, 

using voltage regulation approach, voltage flicker at PCC 
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should be evaluated. So by applying IEC flicker meter, 
instantaneous flicker sensation curve is obtained and is 
compared with the previous one, i.e., before compensation. 
Fig. 16 shows instantaneous flicker sensation curves before 
and after closed loop compensation using voltage regula-
tion approach. Fig. 17 shows the IFL curve and its corre-
sponding CPF curve for 1st second after applying closed 
loop control. By comparing these two curves, we can ob-
serve that closed loop method at some points reduces 
flicker intensity and in a few points increases that. 

 

 
Fig. 16. Instantaneous flicker sensation curve before and 

after closed loop compensation using voltage regu-
lation approach. 

 
8. Applying IEC Flicker-meter after Exerting  
Predictive Method on Closed Loop Control 
Method using Voltage Regulation Approach 

 
After exerting predictive method on closed loop control 

method, using voltage regulation approach, voltage flicker 
intensity at PCC was evaluated. Then by applying IEC 
flicker meter, according to the previous case, instantaneous 
flicker sensation curve is obtained. This curve is compared 
with the obtained one before compensation and after closed 
loop compensation using voltage regulation approach. Fig. 
18 shows instantaneous flicker sensation curve after apply-
ing predictive method on closed loop control method using 
voltage regulation approach. Fig. 19 shows a comparison 
between the results of three strategies, 1 is dedicated to 
before compensation case, case 2 is the obtained curve 
after closed loop compensation using voltage regulation 
approach and the last one, case 3, is the obtained curve 
after exerting predictive method on closed loop compensa-
tion using voltage regulation approach. Furthermore, the 
Pst values related to Fig. 19 are given in Table 2 from 
t=1sec to t=5sec. We find that flicker intensity is decreased 
perceptibly by using predictive method. Fig. 20 shows the 
IFL curve and its corresponding CPF curve for 1st second, 
after applying predictive method. 
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(b) 

Fig. 17. IFL curve (a) and its corresponding CPF curve (b) 
for 1st second after applying closed loop control. 

 
 

Table 2. Pst values concern to Fig. 20. from t=1sec to t=5sec 

Time Pst value of 
curve (1) 

Pst value of 
curve (2) 

Pst value of 
curve (3) 

t=1 Sec 4.5593 4.0649 3.1133 
t=2 Sec 0.9723 1.0069 0.7764 
t=3 Sec 0.3466 0.2683 0.2373 
t=4 Sec 0.2190 0.1794 0.1588 
t=5 Sec 0.1093 0.1428 0.1385 

 

 
Fig. 18. Instantaneous flicker sensation curve after  

applying predictive method on closed loop control 
method using voltage regulation approach. 
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Fig. 19. A comparison between obtained curves in three 
strategies. 

 
Advanced Graph Frame

 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 .
.
.

0 

10 

20 

30 

40 

y

SIFL

 
(a) 

 
(b) 

Fig. 20. IFL curve and its corresponding CPF curve for 1st 

second, after applying predictive method. 
 
 
9. Exerting Predictive Method on Closed Loop 

Control Method using Power Factor  
Enhancement Approach 

 
In previous section, predictive method was applied with 

closed loop control method using voltage regulation ap-
proach and the result is that flicker intensity at PCC is de-
creased perceptibly. In this section, the result of applying 
predictive method on closed loop control strategy using 
power factor enhancement approach is shown in Figs. 21 
and 22. These Figs. show instantaneous flicker sensation 
curves before compensation, after exerting predictive 
method on closed loop compensation using voltage regula-
tion approach and after applying predictive method on 
closed loop compensation using power factor enhancement 
approach. Furthermore, the Pst values related to Fig. 22 are 

given in Table 3 from t=1sec to t=5sec. The simulations 
were also carried out for 1 Min. Simulation and their run-
ning time were more than 40 hours for this 1-minute time 
duration (Appendix I).  

 

 
Fig. 21. Instantaneous flicker sensation curve after applying 

predictive method on closed loop control method 
using power factor enhancement approach. 

 

 

Fig. 22. Instantaneous flicker sensation curves before com-
pensation (1), after exerting predictive method on 
closed loop compensation using voltage regulation 
approach (2) and after applying predictive method 
on closed loop compensation using power factor 
enhancement approach (3). 

 
Table 3. Pst values concern to Fig. 23. from t=1sec to t=5sec 

Time Pst value of 
curve (1) 

Pst value of 
curve (2) 

Pst value of 
curve (3) 

t=1 Sec 4.5593 3.1133 2.0744 
t=2 Sec 0.9723 0.7764 0.5841 
t=3 Sec 0.3466 0.2373 0.2440 
t=4 Sec 0.2190 0.1588 0.1528 
t=5 Sec 0.1093 0.1385 0.1316 

 
 

10. Conclusion 
 

Arc model in this paper is derived from sampling arc 
currents and their corresponding voltages. Then modulating 
the arc voltage is considered by a band-limited white noise. 
This model can represent an actual arc characteristic. Among 
different methods in measurement of fundamental compo-
nent of reactive power in polluted and unbalanced systems, 
it is shown that one of the best methods for reactive power 
measurement in these systems is its instantaneous measure-
ment. In this paper, a proposed method for TCR/ FC closed 
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loop control is suggested. This proposed method is based 
on applying a predictive method with closed loop control 
of the compensator that can desirably suppress the flicker 
intensity. This closed loop control is accomplished based on 
both PCC voltage regulation and power factor corrections. 

 
 
Appendix 1: Pst (short-term flicker indication)   

Curve before and after Applying Predictive 
Method  

 

 

Fig, App. 1 Instantaneous flicker sensation curve before 
applying predictive Method (1) and after that (2) 
on closed loop control method using voltage regu-
lation approach. ( the simulations are carried out for 
60 seconds and it is notable that the whole simula-
tion run time was about 40 hours for each curve.) 
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