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ABSTRACT 

 

Voltage flicker is a disturbance in electrical power systems. The reason for this disturbance is 

mainly due to the large nonlinear loads such as electric arc furnaces. A STATCOM is considered as a 

proper technique to mitigate the voltage flicker. Application of more suitable and precise power 

electronic converter leads to a more precise performance of the compensator.  

The voltage flicker compensation by 6 – pulse, 8-pulse and  12 – pulse static synchronous 

compensator (STATCOM) has been performed. In this case, injection of harmonics into the system 

caused some problems which were later overcome by using 8 pulse and 12- pulse assignment of 

SATCOM and RLC filter. This paper deals with the voltage flicker mitigation and reduction in total 

harmonic distortion (THD) and compared the results in detail.  

The obtained results show that STATCOM is very efficient and effective for the compensation and 

mitigation of voltage flicker and harmonics all the simulation results have been performed on the 

MATLAB Software. 
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I. INTRODUCTION 

The relationship between power quality and 

distribution system has been a subject of 

interest for several years. The concept of power 

quality describes the quality of the supplier 

voltage in relation to the transient breaks, 

falling voltage, harmonics and voltage flicker. 

Voltage Flicker is the disturbance of lightning 

induced by voltage fluctuations. Very small 

variations are enough to induce lightning 

disturbance for human eye for a standard 

230V, 60W coiled-coil filament lamp. The 

disturbance becomes perceptible for voltage 

variation frequency of 10 Hz and relative 

magnitude of 0.26%. Huge non-linear 

industrial loads such as the electrical arc 

furnaces, pumps, welding machines, rolling 

mills and others are known as flicker 

generators. In this respect, the quality of 

supplied voltage is significantly reduced in an 

electrical power system and the oscillation of 

supplied voltage appears to be a major 

problem. 

Electric arc furnace, the main generator of 

voltage flicker, behaves in the form of a 

constant reactance and a variable resistance. 

The transformer-reactance system is modelled 

as a lumped reactance, a furnace reactance 

(included connection  cables and busses) and a 

variable resistance which models the arc. 

Connecting this type of load to the network 

produces. 

Voltage flicker is mainly generated by the 

non linear industrial loads like electric arc 

furnace. Electric arc furnace behaves as 

variable resistance and constant reactance. If 

this type of load is connected in the network, 
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this produces a variation in voltage at point of 

common coupling (PCC) [6]. which models the 

arc. Connecting this type of load to the network 

produces voltage variation at the common point 

of supply to other consumers. The equation for 

voltage drop is given by (1): 

 

2

n n

V R P X Q

V V

   
                                   (1) 

 

Where,  

Vn is the source voltage,  

ΔQ and ΔP are the variation in reactive and 

active power, 

X & R are short circuit reactance and resistance 

respectively 

Two types of structures can be used for the 

compensation of the reactive power 

fluctuations that cause the voltage drop: 

 

A: shunt structure: in this type of 

compensation, the reactive power consumed by 

the compensator is kept constant at a sufficient 

value. 

B: series structure: in this type, all the efforts 

are done to decrease the voltage drop 

mentioned above, and finally the reactive power 

is kept constant despite the load fluctuations 

by controlling the line reactance.  

Bumpy ride in an elevator, in other 

instances the effects can be harmful to 

electrical equipment. Typically, the deleterious 

effects of power frequency disturbances are 

predominantly felt in the long run and such 

disturbances do not result in immediate failure 

of electrical devices. The effects of power 

frequency disturbances vary from one piece of 

equipment to another and with the age of the 

equipment. Equipment that is old and has been 

subjected to harmful disturbances over a 

prolonged period is more susceptible to failure 

than new equipment. Fortunately, because 

power frequency disturbances are slower and 

longer lasting events, they are easily measured 

using instrumentation that is simple in 

construction. Most common power quality 

problems are: 

(a) Voltage sag (dip) 

(b) Voltage swell 

(c) Harmonics 

(d) Interruptions 

(e) Voltage spike 

(f) Noise 

(g) Voltage unbalance 

(h) Distortions 

(i) Transients 

(j) Voltage flicker 

 

A two-bus system is exploited to fulfil the 

investigation of the presented procedure. All 

the simulations are done according to the 

usage of MATLAB software. The related 

compensation was performed first by FCTCR. 

Afterwards, a 6-pulse voltage-source converter 

STATCOM was used to compensate for the 

voltage flicker. With respect to the harmonic 

problem in this stage, a 8-pulse and 12-pulse 

voltage-source converter STATCOM was 

designed to isolate load harmonics and mitigate 

the propagation of voltage flicker to the system 

in the next stage. The obtained results clearly 

confirmed the efficiency of the 8-pulse 

STATCOM to complete the voltage flicker 

mitigation. 

II. CONTROLLING SYSTEM 

The concept of instantaneous reactive 

power is used for the controlling system. 

Following this, the 3-phase voltage upon the 

use of the park presented by Akagi has been 

transformed to the synchronous reference 

frame (Park or dq0 transformation). This 

transformation leads to the appearances of 

three instantaneous space vectors: Vd on the 

d-axis (real or direct axis), Vq t h e q-axis 

(imaginary or quadrature axis) and V0, from 

the 3-phase voltage of Va, Vb and Vc. The 

related equations of this transformation, 

expressed in the MATLAB software, are as 

follows: 

A new technique based on a novel control 

algorithm, which extracts the voltage 

disturbance to suppress the voltage flicker, is 

presented in this thesis. The concept of 

instantaneous reactive power is used for the 

controlling system. Following this 3Ø flicker 

voltage has been transformed to synchronous 

reference frame by the use of abc to dqo 

transformation (Park‟s transformation). To 

implement the synchronous reference frame 

some kind of synchronizing system (phased 

looked loop) should be used. 3Ø AC system 

load voltage is the input to the phase locked 
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loop (PLL), this PLL can be used to synchronize 

on a set of variable frequency, and 3Ø 

sinusoidal signals.3Ø PLL block provides three 

outputs. From the output of PLL sinωt and 

cosωt value are given to 

abc to dqo transformation, this transformation 

leads to the appearances of three 

instantaneous space vectors: vd on the d-axis 

(real or direct axis), vq on the q-axis (imaginary 

or quadrature axis) and v0, from 3 – Ø phase 

flicker voltage of va, vb and vc. The related 

equations of this transformation, expressed in 

the MATLAB Simulink software, are as follows: 

2 2 2
[ sin( t) sin( t ) sin( t )]

3 3 3
d a b cV V V V

 
                  (2) 

2 2 2
[ cos( t) cos( t ) cos( t )]

3 3 3
q a b cV V V V

 
                   (3) 

0

1
[ ]

3
a b cV V V V                                         (4) 

Network. If the compensation current of the 

above equation is injected to the network, the 

whole voltage flicker existing in the network 

will be eliminated. Regarding the equation, 

related to the dq-transformation of the 3-

phasevoltages to the instantaneous vectors, it 

is obvious that under the conditions of 

accessing an average voltage flicker, Vd and 

V0, the obtained values are close to zero and 

Vq is a proper value adapting to the voltage 

oscillation of the network. This state of the 3-

phase voltage flicker is presented in the 

following figures (simulated in the MATLAB 

Simulink package):  

 

Fig.1 Block diagram of the investigated power system 

Park‟s Transformation of 3-phase flicker 

voltage to the instantaneous vector‟s is given to 

demux block, it extract the component of an 

input signal and output‟s the components as 

separate signals Vd, Vq and V0.The active and 

reactive components of the system are 

represented by the direct and quadrature 

component, respectively, the decrease of the 

voltage flicker of the network and the 

compensating control to decrease the voltage 

flicker can be limited only based on the amount 

of the imaginary component of the 

instantaneous voltage (Vq), so to decrease the 

voltage flicker controlling system uses only Vq 

to control the STATCOM, the obtained Vq is 

entered as an input to the sum block and other 

input to the sum block is constant value zero, 

it indicates the Vq per unit reference value. 

 

III. SIMULATION RESULTS 

Simulation of 6-pulse voltage source 
converter STATCOM connected to the Power 
System 

The load voltage and the flicker source 

voltage are given to phase locked loop (PLL) and 

ABC to dq transformation blocks respectively. 

From the control circuit trigger pulse are given 

to the corresponding GTO‟s, by adjusting the 

conducting angle of the GTO‟s the generated 

voltage and then the injected or absorbed 

reactive power of the STATCOM are controlled. 

shows SIMULINK diagram of 6 pulse voltage 

source converters STATCOM connected to the 

power system. 

Shows the compensated output load voltage 

and harmonic spectrum respectively by 6 pulse 

voltage source converter STATCOM. It can be 

observed that the compensated output load 

voltage is 1.15pu (maximum value), the voltage 

flicker existing in the output load voltage is 

0.15pu (15%), the considerable existing 

characteristic harmonics in the output load 

voltage wave form in addition to the 

fundamental component are 5th, 7th, 11th, 

13th and higher. It can be observed from the 

harmonic spectrum that THD is 8.95%. 5th, 

7th, 11th and 13th. 

Simulation of 8-pulse voltage source 
converter STATCOM connected to the power 
system: 

The three-phase 8 – pulse VSC based 

STATCOM is shown in figure 9. There are 8 

switches in the converter each converter is 

made up of Thyristor/ MOSFET with a diode 

connected in anti-parallel. In this type of 

STATCOM, each switch is triggered and turn off 

one time per line voltage cycle. In this case, 
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each switch in a single branch is conducted 

during a half-cycle (180 degree) of the 

fundamental period. The combined pulses of 

each leg have a 120 degrees phase difference to 

produce a balanced set of voltages. By 

controlling the triggering angle of the thyristor 

we can control the generated voltage of the 

STATCOM and also the absorbed/injected 

power of the STATCOM. The compensated 

output voltage of the eight pulse VSC based 

SATACOM is shown in the figure 2. 
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Fig 2: the circuit diagram of a 8-pulse voltage-

source converter STATCOM 
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Fig 3 Control Circuit for STATCOM 
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Fig 4: The compensated output voltage and 

current by 8-pulse voltage source converter 

STATCOM 
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Simulation of 12-pulse voltage source 
converter STATCOM connected to the power 
system: 

In this compensation, pulse generator 
outputs 1and 2 are two vectors of six pulses, 
are given to the two 6-pulse converters 
connected respectively to the Y winding and Δ 
connected windings of 3Ø transformer (three 
windings). The pulse train to one converter is 
shifted by 30 degrees with respect to the other. 
Fig 5.6 shows SIMULINK diagram of 
12 pulse voltage source converters STATCOM 
connected to the power system. The output 
load voltage mitigated by 12- pulse voltage-
source converter STATCOM and its harmonic 
spectrum are shown in figures 5.7 and 5.8 
respectively. In this respect, the voltage flicker 
is completely removed from the output load 
voltage. It can be observed from the harmonic 
spectrum that THD is 0.53%. 
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(b) 

Fig5: The compensated output voltage and 

current by 6-pulse voltage source converter 

STATCOM 
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Fig 6: FFT Analysis for the compensated output 

voltage by 12-pulse voltage-source converter 

STATCOM (THD = 0.53%) 

 
Comparison Table 

 THD Value 

With 4 leg Inverter 0.16 

With 12 pulse converter 0.53 

 

IV. CONCLUSION 

In this paper , the application of three 

phase inverter technology based on voltage-

source converters for voltage flicker mitigation 

has been investigated and simulation results 

emphasized its significant effect. A 6 – pulse 

STATCOM is decreasing the voltage flicker by 

50 %. However, there is injection of the 

harmonic from 6-pulse inverter into the system 

which can be improved with the increase of the 

voltage source converters of STATCOM using a 

8 pulse and 12-pulse STATCOM equipped with 

a harmonic filter. The obtained results clearly 

demonstrate that 8-pulse STATCOM equipped 

with a harmonic filter can reduce the voltage 

flicker completely and the output is obtained 

with minimum THD value. 

 

REFERENCES 

[1] PWM-Based Distribution STATCOM”, IEEE 

Power Engineering Society Summer Meeting, 

Vol.1, (21-25 July 2002), pp. 616-621. 

[2] J. Mckim, "The UIE Flicker-meter Demystified", 

Hewlett- Packard's Power Products Division, 

1997. 

[3] R. Collantes-Bellido, T. Gomez, "Identification 

and Modeling of a Three Phase Arc Furnace for 

Voltage Distribution Simulation", IEEE Trans. 

on Power Delivery; Vol.12, No.4, (1997), pp. 

1812-1817. 

[4] L. Tang, S. Kolluri, M.F. McGranaghan, "Voltage 

Flicker Prediction for Two Simultaneously 

Operated AC Arc Furnaces" IEEE Trans. on 

Power Delivery; Vol.12, No.2, (1997), pp. 985-

991. 

[5] M. Zouiti, S. Saadate, X. Lombard, C. 

Poumarede, C. Levillain, “Electronic Based 

Equipment for Flicker Mitigation”, Proceedings of 

International Conference on Harmonics And 

Quality of Power, Vol.2, (1998), pp. 1182-1187. 

[6] T. Larsson, C. Poumarede, “STATCOM, an 

efficient means for flicker mitigation” IEEE 

Power Engineering Society Winter Meeting, 

Vol.2, (Jan-4Feb 1999), pp. 1208-1213. 

[7] C. S. Chen, H. J. Chuang, C. T. Hsu, S. M. 

Tscng, “Stochastic Voltage Flicker Analysis and 

Its Mitigation for Steel Industrial Power 

Systems”, IEEE Power Tech Proceedings, Vol.1, 

(10-13 Sept. 2001). 

[8] Z. Zhang, N. R. Fahmi, W. T. Norris, “Flicker 

Analysis and Methods for Electric Arc Furnace 

Flicker (EAF) Mitigation (A Survey)”, IEEE Power 

Tech Proceedings, Vol.1, (10-13 Sept. 2001). 

[9] J. R. Clouston, J. H. Gurney, “Field 

Demonstration of a Distribution Static 

Compensator Used to Mitigate Voltage Flicker”, 

IEEE Power Engineering Society Winter Meeting, 

Vol.2, (31 Jan-4 Feb 1999), pp. 1138- 1141. 

[10] A. Elnady, W. El-khattam, M. A. Salama, 

“Mitigation of AC Arc Furnace Voltage Flicker 

Using the Unified Power Quality Conditioner”, 

IEEE Power Engineering Society Winter Meeting, 

Vol.2, (27-31 Jan. 2002), pp. 735-739. 

[11] S. Suzuki, Y. Hara, E. Masada, M. Miyatake, K. 

Shutoh, “Application of Unified Flow Controller 

for Power Quality Control at Demand Side”, The 

Third International Power Electronics and 

Motion Control Conference Proceedings (PIEMC 

2000), Vol.3 (15- 18Aug 2000), pp. 1031-1036. 



 

 
Volume 2 | Special Issue 01 | October 2016| ISSN: 2455-3778| www.ijmtst.com                                                    32 

Proceedings of National Conference on Computing, Electrical, Electronics and Sustainable Energy Systems 

[12] Y. Hara, E. Masada, M. Miyatake, K. Shutoh, 

“Application of Unified Flow Controller for 

Improvement of Power Quality” IEEE Power 

Engineering Society Winter Meeting, Vol.4, (23-

27 Jan. 2000), pp. 2600-2606. 

[13] J. H. R. Enslin, “Unified Approach to Power 

Quality Mitigation” International Symposium on 

Industrial Electronics (ISIE '98), IEEE 

Proceedings, Vol.1, (July1998), pp. 8-20. 

[14] B. P. Roberts, “Power Quality Solution 

Alternatives for Low and Medium Voltage 

Continuous Process Loads”, IEEE Rural Electric 

Power Conference, (5-7 May 2002), pp. C4-C4_7. 

[15] G. C. Montanari, M. Loggini, L. Pitti, E. Tironi, 

D. Zaninelli, “The effects of series inductors for 

flicker reduction in electric power systems 

supplying arc furnaces”, IEEE Industry 

Applications Society Annual Meeting, Vol.2, (2-8 

Oct. 1993), pp.1496-1503. 

[16] M. W. Marshall, “sing Series Capacitors to 

Mitigate Voltage Flicker Problems” IEEE Rural 

Electric Power Conference, (20-22 April 1997), 

pp. B3-1-5. 

[17] J. Dolezal, A. G. Castillo, V. Valouch, “Topologies 

and control of active filters for flicker 

compensation”, International Symposium on 

Industrial Electronics, IEEE Proceedings, Vol.1, 

(4-8 Dec, 2000), pp. 90-95. 

[18] L. Gyugi, A. A. Otto, “Static Shunt 

Compensation for Voltage Flicker Reduction and 

Power Factor Correction”, American Power 

Conference (1976), pp. 1272-1286. 

[19] Y. Hamachi, M. Takeda, “Voltage Fluctuation 

Suppressing System Using Thyristor Controlled 

Capacitors”, 8th U.I.E. Congress, (1976). 

[20] F. Frank, S. Ivner, “TYCAP, Power Factor 

Correction Equipment Using Thyristor 

Controlled Capacitor for Arc Furnaces”, ASEA 

Journal, No.46, Vol.6, (1973) pp. 147-152. 

[21] R. Mienski, R. Pawelek, I. Wasiak “Shunt 

Compensation for Power Quality Improvement 

using a STATCOM controller: Modelling and 

simulation”, IEE Proc.-Gener. Transm. Distrib., 

No.2, Vol.151, (2004), pp. 274-280. 

[22] Amit K. Jain, Aman Behal, Ximing, Darren M. 

Dawson, Ned Mohan “Nonlinear Controller for 

Fast Voltage Regulation Using STATCOMs” IEEE 

Transaction. On control systems technology, 

No.6, Vol.12, (2004), pp. 827-842. 

[23] Math Works Company, „Manual for MATLAB 

Simulink Software, User‟s Guide‟, 2002, Version 

6.5. 

[24] H. Akagi, Y. Kanazawa, A. Nabae, 

“Instantaneous Reactive Power Compensator 

Comprising Switching Devices Without Energy 

Storage Components”, IEEE Trans. on Industry 

Applications, No.3, Vol.20, (1984), pp. 625-630. 

[25] Castagnet, T., „Is the Snubber Circuit 

Necessary?‟, STMicroelectronics, Group of 

Companies, Application Notes, Printed in Italy, 

1999. 


