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ABSTRACT 
This paper presents the operation of unified power quality conditioner(UPQC) as a universal active powerconditioning device to 

mitigate both current as well as voltage distortions at a distribution end ofpower system network. The UPQC is designed by 

combining a series active power filter(DVR) and shunt active power filter (DSTATCOM) which shares a common DC link capacitor. 

Series compensator which is meant for voltage restoring is controlled by a fuzzy logic controller. Shunt compensator’s operation is 

controlled by extracting d axis and q axis current from load current and DC link voltage is maintained through a fuzzy logic 

controller. The performance of UPQC mainly depends upon how quickly and accurately compensation signals are derived. The 

steady state and dynamic operation of control circuit in different load current and/or utility voltages conditions is studied through 

simulation results. The presented method has acceptable dynamic response with a very simple configuration of control circuit. The 

designed UPQC is tested with an induction motor load. It is able to mitigate voltage sag/ swell, reactive power compensation, 

voltage fluctuations, harmonic elimination etc. under these load conditions. The proposed system and controller is validated using 

MATLAB/simulink. The simulation results expresses a low THD and a perfect compensation. 
 

KEYWORDS: Unified power quality conditioner(UPQC), Dynamic voltage restorer(DVR), Distribution static compensator 

(DSTATCOM), Total harmonic distortion(THD) 
 

INTRODUCTION 
 

Power Quality (PQ) has become an important issue to electricity consumers at all levels of usage. The PQ 
issue is defined as “Any power problem manifested in voltage, current, or frequency deviations that results in 
failure or misoperation of customer equipment.” Thedevelopment of power electronic based equipment has a 
significant impact on quality of electric power supply. The switch mode power supplies (SMPS), dimmers, 
current regulator, frequency converters, low power consumption lamps, arc welding machines, etc, are some out 
of the many vast applications of power electronics based devices. The operation of these loads/equipments 
generates harmonics and thus, pollutes the modern distribution system. The growing interest in the utilization of 
renewable energy resources for electric power generation is making the electric power distribution network 
more susceptible to power quality problems. In such conditions both electric utilities and end users of electric 
power are increasingly concerned about the quality of electric power. 

Many efforts have been taken by utilities to fulfill consumer requirement, some consumers require a higher 
level of power quality than the level provided by modern electric networks. This implies that some measures 
must be taken so that higher levels of Power Quality can be obtained. 
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Active power filters (APF) have been proposed as efficient tools for power quality improvement. Active 
power filters can be classified as series or shunt according to their system configuration. The series APF 
generally takes care of the voltage based distortions, while shunt APF mitigates current based distortions. The 
combination of series and shunt active power filter is called the unified power-quality compensator (UPQC). 
UPQC mitigates the voltage and current based distortion simultaneously as well as independently[1]. It is a 
versatile device that can compensate almost all power quality problems such as voltage harmonics, voltage 
unbalance, voltage flickers, voltage sags & swells, current harmonics, current unbalance, reactive current, etc.  
Recently more researches are going on mitigation of voltage sags and swells using UPQC. The swells are not as 
common as sags, but the effects of a swell can be more destructive than sag. The common cause of voltage sag 
and swell is sudden change of line current flowing through the source impedance. The steady state analysis of 
UPQC during voltage sag and swells on the system well presented in [3][ 4]. The main objective is to maintain 
the load bus voltage to be sinusoidal and the major concern is the flow of active and reactive power during these 
conditions.  UPQC is commonly configured with two voltage source converters connected back to back through 
a DC link capacitor. Twin bridge configuration of inverter is used in series and shunt active power filter for 
eliminating harmonics. The shunt compensator which is meant for reactive power compensation and 
maintenance of DC link capacitor voltage is controlled by extracting direct axis and quadrature axis component 
of load current[2]. The reference currents are used for generating switching pulses of shunt compensator’s 
inverter.In order to regulate the DC-link capacitor voltage, a conventional PI controller is used to maintain the 
DC-link voltage at the reference value. The transient response of the PI controller in DC-link voltage will be 
very slow. To overcome this problem a better fuzzy logic controller is proposed to improve the transient 
response of the dc-link voltage[1]. The DC link capacitor voltage is maintained using a fuzzy logic controller[6]. 
The series compensator which is meant for voltage sag and swell compensation is also done using a fuzzy logic 
controller.  

 
II  Proposed System Description: 

The proposed system consist of a distribution system in which the designed UPQC is connected before the 
load to make load voltage and current free from any distortions. The designed UPQC consist of a series active 
power filter  and a shunt active power filter which shares a common DC link capacitor. 

 

 
 

Fig. 1: Basic configuration of UPQC 
 
The objective of series compensator is to generate in phase voltage component to mitigate sag and generate 

out of phase component to mitigate swell. The shunt compensator is meant to supply reactive power while 
supplying nonlinear loads so that reactive power burden on source can be eliminated. The harmonic component 
of load current is also compensated by the shunt compensator. The entire distribution system is connected to an 
unbalanced nonlinear switching loads to check the system performance. 

 
III Design Of Dc Link Capacitor: 

Values of dc capacitors are chosen based on a period of sag/swell and change in dc bus voltage during 
transients. Let the total load rating be S kVA. In the worst case, the load power may vary from minimum to 
maximum that is, from 0 to S kVA. The compensator needs to exchange real power during transient to maintain 
the load power demand. This transfer of real power during the transient will result in the deviation of capacitor 
voltage from its reference value. The voltage continues to decrease until the capacitor voltage controller comes 
into action. Consider that the voltage controller takes p cycles, that is, seconds to pT act, where T is the system 
time period. Hence, maximum energy exchange by the compensator during transient will be pST. This energy 
will be equal to the change in the capacitor stored energy. Therefore 
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                                                                                               (1) 
 ( 
 
where Vdcref and Vdc are the reference dc bus voltage and maximum-allowed voltage during transients, 

respectively. 
 
 

  (2) 
 

 
IV. Power System Network: 

Figure 2 shows the power system model considered in this paper. The power system network considered is 
a 25kV primary distribution system which is stepped down to 400V for supplying unbalanced,nonlinear, 
switching loads using a 6MVA transformer. The UPQC is connected to a point of common coupling before load 
in 25kV distribution side. Where the series active power filter(DVR) is connected in series with the network and 
the shunt active power filter(DSTATCOM) is connected in parallel with the distribution network. The 
specifications of load chosen are given in thetable I and the simulation parameters are given in table III. 

 

 
Fig. 2: Overall simulation block diagram of proposed system 

 
Table I: Load Specifications 

Power  
Voltage (line to line) 
Frequency 
Stator resistance 
Rotor resistance 
Stator inductance 
Rotor inductance  

1500KW 
600V 
50Hz 
0.029 ohm 
0.022ohm 
60 mH 
60 mH 

 
Series active power filter is connected in series with the distribution network through an injection 

transformer. And the shunt active power filter is connected in parallel with the distribution system. Both 
compensators uses twin bridge configuration of inverter for elimination of harmonics. 

 

 
 

Fig. 4: series active power filter(DVR) 
 
Series active power filter(DVR) is connected through a breaker which connects to network only during 

voltage sag and swell. During normal operation it will be isolated from distribution network. 
 

A)  Series Active Power Filter Controller: 
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Controller for series active power filter is done through a fuzzy logic controller shown in figure 5. The basic 
block diagram of a fuzzy logic controller is shown in figure 6. The error voltage is obtained by comparing the 
magnitude of system voltage and reference voltage which is 25kV. The error voltage is processed in single input 
fuzzy logic controller. The error voltage is processed in such a manner that for voltage swell an out of phase 
component of voltage is generated. And for voltage swell conditions an inphase component of error voltage 
magnitude is generated. The controller uses seven linguistic variables  such as negative big(NB), negative 
medium(NM), negative small(NS), ZERO(Z), positive small(PS), positive medium(PM), positive small(PM), 
positive big( PB). The input and output membership functions are shown in figure 7&8. The linguistic rule table 
is give in table II. 

 
Fig. 6: Basic block diagram of fuzzy logic controller 

 
Table II: linguistic rule table 

INPUT NB NM NS Z PS PM PB 
OUTPUT NB NM NS Z PS PM PB 

 

 
 

Fig. 6: series active power filter controller 
 

 
 

Fig. 7: input membership functions 
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Fig. 8: output membership function 
 

B)  Shunt Active Power Filter Controller: 

 
Fig. 9: shunt active powerfilter(DSTATCOM) 

 
Controller for shunt active power filter is shown in figure 10.  For shunt active power filter the feedback 

signal are load current and point of common coupling voltage. The active and reactive component of load 
current are extracted by converting it from ABC to dq0 transformation. The reference signal for reactive and 
harmonic component of load current are generated from it. It is then converted in to voltage signals for pulse 
generation using PWM modulator. The DC link voltage is maintained by using a fuzzy logic controller. The 
reference voltage was set at 2400V. The system voltage is compared with reference voltage to generate error 
voltage. The error voltage is processed through a fuzzy logic controller with same concept used for DVR 
voltage control to maintain DC link voltage at constant set level. 

 

 
 

Fig. 10:  Controller for shunt active power filter (DSTATCOM) 
 
V Simulation Parameters: 
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Primary distribution source voltage 
Secondary distribution source voltage 
Switching filter 
Current filter 
DC-bus voltage 

 

 
A) Source And Load Voltage: 

Fig. 11: source and load voltage in pu
 
From figure 11 it is seen that when a sag and swell is made between 0.5 to 0.6 sec in source voltage, the 

series compensator is able to maintain the system voltage at 25kV.
 

B) Magnitude Of Source Voltage And Reference Voltage Generated By Fuzzy Controller

Fig. 12:  magnitude of source voltage and reference voltage
 
Figure 12 shows the magnitude of  source voltage and reference voltage generated by the  fuzzy controller 

for sag and swell. 
 

B) Source Voltage And Dvr Injected Voltage

Senthil Kumar R and Vivekanandan C., 2015/ Advances in Natural and Applied Sciences. X(X) 

25KV line-line 
600V line-line 
Rf=  8ΩCf=50µF 
800µH 
Vdc

*=2400V 

RESULTS AND DISCUSSION 

 
source and load voltage in pu 

figure 11 it is seen that when a sag and swell is made between 0.5 to 0.6 sec in source voltage, the 
series compensator is able to maintain the system voltage at 25kV. 

Magnitude Of Source Voltage And Reference Voltage Generated By Fuzzy Controller: 

 
magnitude of source voltage and reference voltage 

igure 12 shows the magnitude of  source voltage and reference voltage generated by the  fuzzy controller 

Source Voltage And Dvr Injected Voltage: 

X(X) Special 2015, Pages: 

figure 11 it is seen that when a sag and swell is made between 0.5 to 0.6 sec in source voltage, the 

 

igure 12 shows the magnitude of  source voltage and reference voltage generated by the  fuzzy controller 
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Fig. 13:  source voltage and dvr injected voltage 

 
Figure 13 shows the instantaneous source voltage and the voltage injected by the DVR according to voltage 

variations. 
 
D) Active And Reactive Power At Source And Load: 

 
Fig. 14: active and reactive power at source and load 

 
From figure 14 it is shown that even though the reactive power at the load is high the reactive power at 

source is low. Which shows that the shunt compensator is able to supply the reactive power required by the load 
 

E) Dc Link Capacitor Voltage: 

 
Fig. 15: DC link capacitor voltage 
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From figure 15 it is seen that the fuzzy logic controller is able to maintain the voltage at reference value 
2400V. 

 
F)  Load Current Thd: 

 
 
Fig. 16:  load current THD 

 
From the figure 16 it is seen that at load side current THD is 2.66% which shows a better harmonic 

elimination by shunt compensator 
 
G: Load Voltage Thd: 

 
 
Fig. 17:  load voltage THD 

 
From the figure 17 it is seen that the voltage THD is 2.25% which shows a better voltage harmonic 

elimination also by the shunt compensator. 
 
Conclusion: 

This paper presents a UPQC model, developed with the necessary components and controllers in order to 
demonstrate its effectiveness in maintaining power quality at any point in the distribution line. The designed 
UPQC is tested using MATLAB/Simulink with different load conditions. The proposed UPQC with its 
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controller is able to mitigate voltage sag/swell \,current harmonic compensation, reactive power compensation, 
load balancing etc. The simulation results shows effective and accurate power quality control using fuzzy logic 
controller 
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