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ABSTRACT 

This paper deals with the Major Power Quality problem occurs in Power industry like Voltage Flicker (VF). 

Industrial Arc Furnace (IAF) is the vital source for producing VF. It creates most significant Disturbance in electrical 

power systems dominantly in Distribution systems. The fast response of Custom Power device makes it a better 

solution for improving Power Quality in Distribution systems against the Non-linear loads like IAF. Due to the fastest 

growth in Semi-Conductors Industry and modern Techniques for development of Voltage Source converters (VSC), 

FACTS Devices are used for Voltage Flicker Mitigation. The Voltage Flicker Compensation done in 3 stages and 

analyzes the related results. Initially the Voltage Flicker reduction, with the help of FCTCR (Fixed Capacitor 

Thyristor Controlled Reactor), was simulated. Next stage of remission is done by the Static Synchronous 

compensator (STATCOM). This paper presents a Instantaneous Reactive Power Controller technique for a 6-pulse 

STATCOM to effectively compensate voltage flicker due to electric arc furnace load. In these case, some major 

harmonic components are presented in the system, which can be minimized by using 12-pulse STATCOM. The 

attained results gives that STATCOM is better Solution for the Voltage Flicker reduction. All the Simulations are 

done in the MATLAB Software. 
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1. INTRODUCTION 

Power quality is a vital issue for electricity stakeholders as sensitive equipment and non-linear loads are 

becoming common in both the industrial sectors and the domestic environment. So, both Industrial consumers and 

domestic users of electrical power are taking care about the quality of electric power. Power quality problems are 

majorly related to voltage. The major power quality problems in the power system are Interruptions, Waveform 

distortions like D.C Offset, Harmonics, Notching, Noise etc., and Voltage flicker (Sun, 2002). Voltage flicker is a 

sudden change in voltage that affects the sensitivity of electronic equipment such as television receivers or industrial 

processes. Voltage flicker is visible with incandescent lamps and some CFLs. It is much lower in magnitude than a 

fault related to voltage sag. The sources of voltage flicker are Motors, and Compressors, welders, process, ARC 

furnaces, process Induction furnaces, wind generators, etc., The voltage flicker can be mitigated by using Dynamic 

Var Systems like Static Var Compensators, DSTATCOM, Thyristor controlled capacitor systems etc., Motor Impact 

reduction, Sequencing Multiple welder systems and ARC furnace reactors. The ARC furnace (Zouiti, 1998) is a 

major source for Voltage flickering, which produces the harmonics causing malfunction or damage the electrical 

equipment connected to the network. The electric arc is modelled as a nonlinear current-voltage characteristic which 

represents the voltage drop for a given arc current by using programmable voltage source. Connecting this type of 

load to the network produces voltage variation at the common point of supply to other consumers. The Change in 

voltage can be shown in equation (1) as: 

2n n
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The change in real and imaginary powers are ΔP and ΔQ; Vn is the rated voltage; System Resistance & 

Reactance are R and X. In generally for transmission system domination of reactance is larger than resistance so the 

above equation can be changed to 

2n n
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From the above equation Voltage dependent on Reactive power only. So the voltage flicker can be mitigated 

by controlling the reactive power present in the network. The running status of the feeding points mainly depends on 

the Source voltage. Although there are various Unbalance Circumstances present in the power system network like 

Voltage and Frequency Variations are playing Vital role. For balancing these variations for retaining the constant 

Volatge at the Common Coupling point by employing the FACTS Equipments. The distinct Power controlling 

devices Viz Automatic Voltage Regulators (Kongtripop, 2009), Motor-generator Sets, SVC (Static VAR 

Compensators) (Ekanayake and Jenkins, 1996), are not good enough to compensate Voltage unbalances capably. 

Hence, contempory devices are need are known as Custom Power Devices (Hingorani, 2007). The Particular devices 

as previously stated are from the power electronic stream designed to reduction of Power Quality problems. 

The voltage flicker can be mitigated by using Stativ Var Compensator (SVC) like Thyristor swithced 

capacitor (Gyugyi and Otto, 1976), Thyristor Controlled Reactor (TCR) (Hamachi and Takeda, 1976) and FCTCR 

(Frank and Ivner, 1973). But SVC’s use Reactive energy storage components themselves, produce circulating 
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alternating currents in various Phases of the A.C system. The Instantaneous Reactive power theory is used in 

controlling system of STATCOM in order to mitigate the disturbance caused by the flicker source. A two-bus system 

is used for the analysis purpose. All the simulations are done according to the usage of MATLAB software (Math 

Works Company 2002). Firstly the compensation was performed by using FCTCR. After that, voltage flicker can be 

mitigated by using STATCOM of 6-pulse voltage source converter. 

Controlling System: From the Instantaneous reactive power theory, the 3-phase voltages are converted into the 

synchronous reference frame components by using parks Transformation by Akagi (1984) has (Park or dq0 

transformation). This conversion gives 3 vector components like: Vd over the direct (d)-axis , Vq against the 90deg 

of d- axis and Vo, from source are expressed as: 

Vd =
2

3
(VaSin(ωt) + VbSin (ωt −

2π

3
) + VcSin (ωt +

2π

3
)                             (3) 

Vq =
2

3
(VaCos(ωt) + VbCos (ωt −

2π

3
) + VcCos (ωt +

2π

3
)        (4) 

Vo =
1

3
(Va + Vb + Vc)        (5) 

The voltage flicker can be generated by using Programmable voltage source in series with resistance and 

inductance are represented as electrodes of the ARC furnace. Consider the condition of an average voltage flicker 

the d-axis and zero sequence components are approximately zero and imaginary axis component is base for causing 

voltage imbalances in the system. 

 
Figure.1. A typical Power sytem 

The power system exposed in figure 1 is simulated in MATLAB Software. Disturbance is created in the 

form of 3-phase voltage flicker in parallel to the main bus. First Synchronous the load voltages and flicker voltage 

by using Phase locked loop and afterwards Convert the Rotating 3-Phase voltage Vectors into stationary 2-Phase 

Vectors by using equations mentioned above. Then, obtain q-axis voltage (Vq) from the dqo reference frame by 

using the De-mux, because Vq is a controlling parameter of the statcom. The missing voltage can be injected by a 

PI-controller with a reference input as zero. The controlling Parameter produces the triggering angles required for 

the GTOs of the STATCOM. A Synchronized 6-pulse phase shift generator control the firing angles of the GTOs of 

the statcom. 

2. SIMULATION AND ANALYSIS OF THE RESULTS 
In order to analyze the behavior of STATCOM for facing the Voltage Flicker problem by means of FCTCR 

and STATCOM of 6-pulse voltage source converter. The compensation techniques and their results are presented in 

this section. 

Compensation using FCTCR: It is an impedance type Static VAR compensator. The current in the reactor is varied 

by firing delay angle control (α). The mathematical relationship between the amplitude of the fundamental TCR 

current Ilf (α) and the delay angle (α) given by 
2 1

(1 sin 2 )lf

V
I
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   (6) 

In this case, the effect of voltage flicker in the system and the compensated voltage are shown in figures.2 

and 3 respectively. 

  
Figure.2. The generated voltage of flicker source Figure.3. The compensated output voltage by 

FCTCR 
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From the output voltage waveforms of FCTCR the mitigation of the problem is up to somewhat level only 

because some of the harmonics or distortion appeared in the waveform. 

Mitigation by using Statcom with 6-pulse Voltage source converter: Fig.4 represents the Voltage source 

converter of 6-pulse as incorporating in the STATCOM. The VSC consists of 6 thyristors and each one is made up 

of a Gate turn off thyristor with an anti-parallel diode. Each thyristor can be triggered and blocked only once in a 

Corresponding line voltage cycle. Each GTO in single leg conduct 180 degrees of natural time period and 120 degrees 

of combined phase shift to produce 3-phase balanced voltages with respect to grid voltages. By controlling the firing 

angles of the thristors, the output voltages and the reactive power of STATCOM are controlled as shown in fig.5. 

 
Figure.4. the internal circuit diagram of STATCOM with voltage source converter 

 

 
Figure.5. Recompensate output voltage of STATCOM 

From the above analysis STATCOM Compensates or mitigates the Voltage flicker an effective manner as 

compared to the FCTCR, but considerable amount of distortion in the form of Harmonics are still present. 

The instantaneous output voltage (Vab) of the converter is given as: 

𝑉𝑎𝑏 = ∑
4𝑉𝑠

𝑛𝜋
𝑐𝑜𝑠

𝑛𝜋

6
sin 𝑛 (𝜔𝑡 +

𝜋

6
)∞

𝑛=1,3,5…       (7) 

From the above equation Even harmonics (n=2,4,6....) in the output are eliminated.The most effected 

harmonics like 3rd, 9th,15th.....are eliminated by connecting the Voltage source converter to the main bus via star-delta 

transformer. Then remaining harmonics along with fundamental components are 5, 7, 11, 13 presented in the output 

voltage of the converter are shown in the fig (9). From the THD analysis, we examine the 5th as well as 7th harmonics 

are contemplating values of the original component. The 11th including 13th harmonics are contemplate values are 

reduced to zero from the Network. 

 
Figure.6. Output of the converter 

4. CONCLUSION 

Analyze the Voltage flicker mitigation problem by using STATCOM based on the voltage source converter 

application. The Power quality problem is assessed in 2 stages. Firstly the problem can be mitigated by using FCTCR, 

afterwards we use 6-pulse voltage source converter STATCOM. All the simulations are done in MATLAB, which 

gives efficient results for Compensation problems with STATCOM against FCTCR but it introduce some 

considerable amount of harmonics into the network. 
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