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Abstract - Electrical power quality defines the health of 
power system which includes voltage and current quality, a 
reliability of power supply and maintaining sinusoidal 
nature of waveform. Voltage flickers and fluctuations, poor 
power factor and harmonics are the most common power 
quality issues in steel producing plants because of it 
contains  Electric Arc Furnace (EAF), electrical drives and 
welding machines. Non-linear characteristics of EAF are the 
major source of power quality issues that include reactive 
power consumption, harmonic production and system 
unbalance. Static VAr compensator (SVC) is one of the 
efficient FACTS devices to overcome these power quality 
problems. In this paper, Operating principle and control 
strategy of Thyristor Controlled Reactor - Fixed Capacitor 
(TCR-FC) are described briefly. TCR-FC type of SVC is used in 
proposed work for reactive power compensation, reduction 
of voltage fluctuations and harmonic mitigation. The SVC 
model is simulated in MATLAB software and results are 
observed.   

Keywords – Power Quality, Harmonic, Reactive power, EAF, 

SVC, TCR-FC, Passive filters 

I. INTRODUCTION  
Nowadays, power quality issues are more important in 

power system. Power quality is defined as a steady supply 
of voltage within prescribed range, steady ac frequency 
near rated value and smooth waveform. However, with 
increased load demand, power electronic equipments and 
automation in industrial processes create disturbance in 
the ideal power quality issues [1]. These disturbances 
includes Voltage variation, over frequency, under 
frequency, harmonic and transient, oscillations. 

The various dynamic loads such as electric drives, 
furnaces, rolling mills and spot welding machines absorb 
heavy reactive power for their operation. These loads are 
major source of power quality problems in terms of 
harmonic, large reactive power, voltage flicker and 
fluctuation [2]. Therefore System losses and system cost 
increases. For improving the industrial power supply 
quality some useful standards are developed by IEEE [3-
5]. To meet these standards and overcome power quality 
problems various types of devices are used such as 
synchronous condenser, fixed reactor or fixed capacitor, 
FACTS devices [6], active and passive filters [7].  
  Proposed work is carried out in steel industry. Steel 
plants production is based on Electrical Arc Furnace 
(EAF) for smelting and refining of scrap material. EAF is a 

nonlinear and time varying load. It demands large 
fluctuating reactive power. Therefore EAF is responsible 
for producing power quality problems in form of 
harmonics, poor power factor, voltage sag and swell, and  
flickers and fluctuations [8]. To remove these power 
quality problems SVC plays a vital role over other devices 
due to it produced required reactive power [9, 10]. Fixed 
Capacitor-Thyristor Controlled Reactor (FC-TCR) type 
SVC is considered in proposed work to mitigate 
harmonics and reactive power compensation. 
 In this paper, Impact of SVC on power Quality 
problems which is produced by steel plant is studied. 
Section II introduces proposed a scheme, SVC, and 
nonlinear load (furnace) operation.  The basic principle of 
operation of TCR-FC type SVC is explained briefly in 
section III. Control strategy for firing angle variation is 
described in section IV. Section V carries out simulation 
results to demonstrate the effectiveness of SVC.   

II. PROPOSED METHODOLOGY  
The block diagram of proposed scheme for reactive 

power compensation and harmonic elimination is shown 
in Fig 1. It consists of power source, non-linear load for 
representing EAF, Static VAr compensation (SVC) and 
firing delay angle controller to control reactive power 
output of SVC. Combination of TCR and FC is used for 
rapidly controlling of reactive power and harmonic 
mitigation. 

 
Fig.1. Block diagram of proposed scheme  

A.  SVC (Static VAr Compensator) 
To improve power system quality and stability various 

types of FACTS devices are used [6]. These are series 
controller and shunt controller. SVC is one of the shunt 
controller FACTs devices which are able to provide 
controlled and variable reactive power leading, lagging or 
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combination of both. SVC’s are used to control dynamic 
and steady state system voltages, improve transient 
stability, correct power factor, reduce voltage flicker and 
fluctuation at industrial arc furnaces, damping oscillation, 
and reduce sub synchronous resonances[11]. SVC 
consists of following main parts and their combination 
Fig 2:  

i. Thyristor controlled Reactor (TCR) which is 
generally operated with fixed capacitor (TCR-
FC). 

ii. Thyristor switched reactor (TSR) 
iii. Thyristor switched capacitor (TSC) 
iv. Combination of TCR and TSC (TCR-TSC)   

 
Fig.2. Different types of SVC 

TSR and TCR both are shunt connected thyristor 
controlled reactors. Output of TSR is controlled in 
stepwise manner that is ‘completely on’ or ‘completely 
off’, whereas output of TCR is controlled by controlling 
firing angle. TSC operates similar as TSR, but capacitor is 
present instead of reactor. The reactance of TSC is varied 
by thyristor switch that is either fully connected or fully 
disconnected. With different combinations of these 
components, SVC fulfills variable reactive power 
requirement.  

B.  Nonlinear load (EAF)  
 Many power quality problems are produced because 
of industrial nonlinear loads. Due to varying impedance, 
current drawn by these loads is non sinusoidal.  EAF is an 
unbalanced, nonlinear and time varying load. Many 
factors are involved in the furnace operation such as 
electrode position, electrode arm control scheme, supply 
voltage, operating reactance and the materials used for 
smelting and refining. EAF operation is divided into three 
distinct steps; striking (boring), melting, and refining. 
During the striking stage, the electrode is lowered with 
the help of hydraulic actuator system to maintain the 
stable arc. Then at melting stage a maximum no of 
buckets of scrap material are added into the furnace. The 
pieces of steel create momentary short circuits at 
secondary side of the furnace transformer. Therefore arc 
characterizes are changed and causes fluctuation in 
current. The refining period is further divided in several 

stages. During the refining stage, a long arc is produced. 
The arc currents are more uniform during the refining 
period hence, less impact on the power quality problems. 
This Arc current is also responsible to create harmonic 
problem.   
  Single line diagram of proposed work is represented 
in Fig. 4. The model consists of the source, source 
impedance (Z), arc furnace, power transformer and 
distribution transformer, and Static VAr compensator.  
Furnaces are strong source of harmonics and inter 
harmonics as well as it draws large reactive current and 
disturbed the power quality of system. [12]. Shunt 
connected SVC is used to improve the power quality of 
EAF. 

 

Fig.3. Single line diagram of proposed work 

III.THEROTICAL BACKGROUND OF (TCR-FC) 
 TCR-FC type SVC is used in proposed work for 

reactive power compensation and harmonic mitigation. 

This provides required reactive power by controlling 

reactor where fixed capacitor connected with the series 

reactor is responsible to mitigate dominant harmonics as 

shown in Fig.4. 

A. Principle of Operation of TCR-FC- 
 The TCR-FC type VAr compensator generator consists 
of a variable reactor (controlled by delay angle α) and a 
fixed capacitor as shown in Fig. 4. The reactor current can 
be controlled from maximum value to zero by changing 
the firing angle delay [13]. The range of firing angle ‘α’ of 
TCR extends from 90o to 1800. When thyaristor is 
completely closed (α= 90o) current reaches the highest 
value in the reactor and when α = 1800, thyristor valve is 
switched off completely and the current reaches the 
lowest value. A basic TCR consist of an anti-parallel 
connected pair of thyristor valves in series with reactor. 
The TCR acts like a variable susceptance. Variations in the 
firing angle, alpha changes the susceptance and 
consequently, the fundamental current component which 
is shown by equation (1), 

   iL(t) =
1

𝐿
∫ 𝑣(𝑡)𝑑𝑡

ωt

𝛼
=

𝑣

𝜔𝐿
 (sin ωt − sin 𝛼)             (1) 
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Fig.4. TCR-FC type SVC 

Then Fundamental reactor current is carried out from 
above equation, 

iLF (𝛼) =  
v

𝜔𝐿
(1 −  

2  

π
α −

1

π
sin 2α )                     (2) 

susceptance of TCR, 

BL (𝛼) =  
1

𝜔𝐿
(1 −  

2  

π
α −

1

π
sin 2α )                      (3)  

 Fixed capacitor and its series inductor are tuned at 
particular frequency to provide low impedance path for a 
dominant harmonics.   

IV. CONTROL SCHEME 
 SVC can generate required reactive power by varying 

firing pulse of TCR [14]. Therefore this control system is 
used to generate appropriate firing pulses as well as fast 
and dynamic control operation of reactive power 
compensation. Fig.5. shows control system for SVC.  This 
system is divided into four parts. 

 
Fig.5. Control scheme for TCR-FC 

i)  Voltage measurement    
Voltage measurement measures the positive-sequence 
primary voltage. This unit is driven by a Phase-locked 
loop (PLL) is used to continuously changing frequencies 
and phases according with measured input signal. 
Basically PLL consists of variable frequency oscillator and 
phase detector. 

ii)   Voltage regulation  
Voltage Regulator uses a PI regulator to regulate primary 
voltage at the reference voltage. A voltage droop is 
incorporated in the voltage regulation to obtain a V-I 
characteristic with a slope. Operating point of SVC 
changes from fully inductive to capacitive value with 
system voltage. 

iii) Distribution system 

Distribution Unit uses the primary susceptance Bsvc 

computed by the voltage regulator to determine the firing 
angle α of TCR. The firing angle α as a function of the 
SVC susceptance Bsvc is implemented by a look-up table 
from the equation (3) 

iv) Synchronous and Firing unit 
Firing unit gives firing pulse to each phase of TCR. This is 
accomplished by the firing pulse generator circuit which 
produces the necessary gate pulse for the thyristors to 
provide the reactive current. This unit consists of PLL for 
synchronize gate pulse with peak value of system voltage.  
 

V. RESULTS AND DISCUSSION 
 For designing, analysis and modeling of SVC 
measurement are done at EAF. According to these 
measured data, required parameters have been calculated 
and the effectiveness of SVC is observed. 

A. Measurement carried out at EAF 
 Connected Load - 550 KW 
 Voltage – 550V 
 Fundamental frequency – 50Hz 

For power quality analysis required data is available 
from above power analyzer readings as described in Fig.6. 
Table 1 represents summary of harmonics present at 
furnace. By analyzing all data 5th and 7th order of 
harmonic is dominating. This order of harmonic is 
reduced by connecting passive filter which is tuned at 
particular frequency 

Harmonic measurement at R phase

 

Fig.6. Power analyzer’s readings 

 Designing of FC-TCR 
1. Fixed capacitor 

Total reactive power requirement - Q MVAR 
Source voltage -V  
Dominating harmonics - 5th, 7th  

   𝑄𝑛𝑒𝑡 =  𝑉𝑠2 𝑋1⁄                                             (4) 
Then  
At resonance frequency XL2 = Xc2 

XL1 * h = XC1 / h,   XL1 = XC1 / (h)2 

Then,  
X1 = XC1 - XL1 = XC1 - XC1 / (h) 2 = ((h) 2 - 1) XC1 / (h) 2 

From XC1 and XL1, we can find value of c and L 
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 XC1 = 1/ (2 π f C), XL1 = (2 π f L) 
2.  TCR 
By controlling firing angle, current through TCR 

changes as equation (3). Therefore, reactive power of TCR 
changed. Value of inductor is depends on reactive power 
and to control overvoltage in system value. 

B. Simulation result 

1. Harmonics mitigation  
 MATLAB/simulink model is developed for 5th and 7th 
order of harmonics mitigation.  Fig.7. shows the three 
phase voltage and current waveform of harmonic load. 
This is the disturb waveform containing 5th and 7th order of 
harmonics.    

 
Fig.7. Voltage and Current waveform (Without filter) 

 After connecting LC passive filter tuned with resonant 
frequency, pure sinusoidal waveform is achieved. It is 
illustrate in Fig.8. This LC filter provide low impedance 
path for particular dominant harmonics and improve 
sinusoidal waveform. 

 
Fig.8. Voltage and current (with filter) 

 Total harmonic distortion of current is also shown in 
Fig.9. by using FFT analysis. Before connection of passive 
filter THD of current waveform is 24.067% and after 
connecting filter THD is reduced to 5.82%. It’s shows that 
after connecting passive filters level of THD is reduced up 
to standard limit.    
 

 
(a) 

 
(b) 

Fig.9. FFT Analysis (a) with filter (b) without filter 

2. Reactive power compensation with SVC 
 Model of SVC is developed in MATLAB / simulink for 
observing dynamic response of TCR with system voltage. 
Fig.10. At t = 0.2 s heavy inductive load is disconnected 
from the system and voltage is start to increases as 
illustrate in Fig.10. 

 
(a) 
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(b) 

Fig.10. without SVC (a) voltage (b) reactive power 

If the SVC is connected into system then it is absorbed 
the increasing reactive power and increased voltage is start 
to decreases as shown in Fig.11. At t= 0.2  

 
(a) 

 
(b) 

Fig.11. with SVC (a) voltage (b) reactive power 

 TCR pulses are shifted by changing firing angle from 
1800 to 900. Therefore current in TCR also changes 
according to firing angle. As shown in Fig.12. TCR is 
responsible to reduce voltage fluctuation. When per unit 
voltage is start to increases TCR is fired and reactive power 
is absorbed by reactor. Therefore system voltage is start to 
decreases.  

 
 Fig.12. TCR current and voltage 

As the simulation results showed, it is clear that the 
proposed SVC model and its control system able to provide 
required reactive power and mitigate dominant harmonics 
from system. By doing FFT analysis THD is reduced up to 
IEEE standards and improve waveform nature.  

VI. CONCLUSION 
 SVC successfully compensates the dynamical variation 

in reactive power and suppresses dominant harmonics 
which is presented in different operating condition in steel 
plants. The variation of reactive power by varying firing 
angle is studied with the help of control scheme of SVC. The 
range of reactive power control can be increased by using 
the combination of thyristor-controlled reactor and fixed 
capacitor banks.  It is also observed that harmonics can be 
mitigated by the combination of fixed capacitor and series 
inductor passive filter tuned with resonant frequency to 
provide low impedance path for dominant harmonics. In 
this paper, this LC passive filter effectively suppresses 5th 
and 7th order of harmonics. Therefore SVC with passive 
filter improves power quality of steel plant. 
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