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Abstract— Electric Arc furnaces (EAF) are intensive distressing, 
unbalanced, stochastic, time varying, non-linear loads which are 
used in steel industry. Their non linearity and dynamic 
characteristics produce harmonic problems and fluctuation of 
voltage. Advanced control strategy based Custom Power Device 
such as Unified Power Quality Conditioner (UPQC) is designed 
to provide significant reduction in voltage flicker on the power 
system. Moreover, to estimate the severity of fluctuations, IEC 
flicker meter is simulated. The modeling and simulation of the 
UPQC has been demonstrated using the electromagnetic 
transient simulation program PSCAD/EMTDC. 

I.INTRODUCTION 
The voltage fluctuations in the electrical networks is 

mainly caused by the electric arc furnace used in production of  
steel which leads to the flicker effect [1]. 

Due to random arc length variations during scrap 
drilling, melting and reheating gives the voltage fluctuations in 
the frequency range 0.5-35 Hz [2].     

SVC comprises both Thyristor controlled Reactor 
(TCR) and Thyristor Switched Capacitor (TSC). TCR absorbs 
the reactive power thereby reducing the voltage for maintaining 
the appropriate value if the applied load is capacitive in nature. 
TSC injects the reactive power thereby increasing the voltage 
for maintaining the required voltage if the applied load is 
inductive in nature. But disadvantage of this device which 
cannot capture the fast varying voltage flicker and less 
response time [7]-[9]. 

  DSTATCOM is a parallel connected, Custom Power 
Device which minimizes the voltage flicker due to induction 
furnace. DSTATCOM controls the reactive-power flow by 
either injecting or absorbing it from the electric line.[10]-[12]. 

UPQC can have the capability to inject current in 
parallel and voltage in series in a dual control mode. UPQC 
control provides improved performance for mitigating voltage 
flicker due to Arc Furnace operation. Particularly, the 
contributions of this paper are: 

i) To model the voltage flicker due to the availability of  
        EAF 
ii) To design the UPQC control 
iii) To alleviate voltage flicker by the application of  
        UPQC 
 

 
II.SYSTEM CONFIGURATION 

A. Mitigating device structure 

 
Fig.1. Schematic diagram of EAF using UPQC 

Fig.1. shows the Schematic diagram of the electrical 
distribution system connected with an Electric Arc furnace. 
The test system has a 115-kV generator and an impedance 
connected at th PCC (Point of Common Coupling) through 
step up transformer (115/230KV). The Custom Power Device 
(CPD) is the UPQC which is connected to the system to 
alleviate the power quality disturbances. The electrical arc 
furnace load is not sinusoidal and  fluctuating in nature. 

B. Nonlinear, time varying arc model 
Electric arc furnaces are used in melting the steel and 

it induces random harmonic currents. An aperiodic waveform 
is generated to produce the variations to the RMS waveform 
by 

 

+ cos ( t+ ) + cos ( t+ ) Ω                             
 

Where and  are randomly generated 
frequencies in the range of concern and  and  are the 
positive scalars which are generated randomly. 
 

 is a random number 
 

=50ρ 
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=10ρ 
=130Ω (phase a, b), =80Ω (phase c) 
: 

 

 
Fig.2. Flicker Waveform 

III.CONTROL STRATEGIES 
 

The control scheme of UPQC consists of Shunt 
Active Power filter and Series Active Power Filter controllers. 
The required gate signal is generated by comparing these 
signals in the PWM controller [14]. 
The required gate signals for IGBT switches are generated by 
comparing the obtained error signals with the hysteresis 
controller.  
 
A .Control Algorithms for SHUNT APF of UPQC 

 
Fig.3. Control system of shunt APF 

 
The reference currents (Ia, Ib and Ic) are the outputs 

of the control system. 
 
B.Control Algorithms for SERIES APF of UPQC 

The PI controller needs two proportional and integral 
gains for optimal results if the operating point changes. 
 

 
 

Fig.4.Controller diagram for the Series APF  
 
It can be seen in Fig.4. that the control 

implementation is kept very simple in the control scheme  
using  voltage only as the feedback variable. 

 

 B.The IEC Flicker measurement method 

 
Fig.5.Block diagram of flicker meter 
 
The block diagram of the flicker meter specified is 

seen in Fig.5. To measure flicker, a flicker meter is used. This 
is modeled in PSCAD. 

 

IV.RESULTS AND DISCUSSION 
The Performances of the UPQC control has been analyzed and 
evaluated by using several quantitative assessments. Their 
performances are evaluated in i) balancing of voltage between 
phases ii) Maintaining the RMS voltage iii) Voltage flicker 
mitigation iv) Total Harmonic Distortion (THD) reduction. 
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Fig.7. ThreePhase voltages at  PCC without and with UPQC control 
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Fig.8.Voltage (RMS) at PCC without amd with UPQC control 
 
 

 

 
 
Fig.9.Flicker measure at PCC  without and with UPQC 
 

 

 
 

Fig.10. Voltage THD at PCC  without and with UPQC 
 

A. Voltage Balancing 
 

Fig. 7 shows the three phase voltage waveform in which 
the magnitude of the voltages are not equal due to presence of 
EAF load. By the application of UPQC which provides 
reactive power compensation and voltage controls, it 
effectively mitigates the imbalance in voltage. 

 
B. RMS voltage 

The RMS  voltage at PCC under balanced and unbalanced 
EAF load condition is demonstrated in Fig. 8. The UPQC 
control significantly improves the RMS voltage to 0.86 p.u. 
from 0.81 p.u  

 
C. Flicker Measurement of PCC voltage 

The Flicker measurement  of voltages at PCC is seen in 
Fig.9. It is noted that UPQC control reduces drastically than 
without control.   

 
D. Total Harmonic Distortion (THD) 

The voltage THD without and with UPQC control is 
shown in fig.10. THD is measured by using THD module in 
PSCAD. THD value has been calculated for Phase ‘a’ is 
shown in fig.10. And rest of the phases ‘b’ and ‘c’ are similar 
in quality even though they are different in quantity. It is noted 
that UPQC control reduces the voltage THD from 3.7% to 
0.9%. The maximum voltage distortion at the PCC is provided 
by IEEE 519 that is listed in Table [15]. The UPQC control 
mitigates effectively the voltage fluctuations to 0.9 % of 
voltage THD and lies within the IEEE 519 standard.  

  

 IV.CONCLUSION: 
In this research work, the performances of Unified 

Power Quality Conditioner (UPQC) has been analyzed for the 
flicker compensation caused by Electric arc furnaces. The Arc 
furnace load is randomly varying and unbalanced. The UPQC 
control shows improved control for RMS voltage and 
harmonics reduction. In addition, UPQC control provides 
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reduction of total harmonic content, flicker, and phase 
imbalance. The UPQC control produced enhanced results 
which enhances the productivity of the Electric Arc Furnace. 
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