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ABSTRACT
Recently power quality has become more important issue. Day by day in industries and in distribution area power

electronics based device are widely used and creates more power quality problems. The quality of the power is defective
by certain reasons. This improvement of the quality of the power is seen e.g. as sag, swell, over voltages, under voltage,
and voltage harmonics. The quality of the power may be improved by using power conditioning equipment, which may be
active filter. This is one of the most modern power conditioning devices, i.e. the unified power quality conditioner
(UPQC), which consists of the parallel active power filter (PAPF) and the series active power filter (SAPF). The UPQC
is a power conditioning device able to compensate all kinds of power quality faults.  UPQC is also used to filter both
current and voltage harmonics and to compensate the voltage sag and swell. This work deals with a way to improve the
voltage compensation performance of the series APF. This improvement is achieved by improving the conventional
hysteresis control system.
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I. INTRODUCTION
Power quality (PQ) is crucial important terms of any power delivery system today. Poor power quality

affects electricity consumers in many ways. The poor power quality may result into loss of production,
damage of equipment or appliances, increased power losses, interference with communication lines etc. The
decline quality of electric power is mainly because of current and voltage harmonics due to wide range
application of static power electronics converters, zero and negative sequence component originated by the
use of single phase and unbalanced load, reactive power, voltage sag, voltage swell, flicker, voltage
interruption, voltage harmonics etc. Therefore, it is very crucial to maintain a standard power quality.

The UPQC made up of the composite of a series active power filter (APF) and shunt APF. It also
compensates the voltage interruption if it has some energy storage or battery in the dc link. The shunt APF is
cannecte across the load to companset the reactive power for all current related problem such as current
harmonic compensation, and load unbalance compensation [1-2].Whereas the series APF is connected during
a series with the line through series transformers. It acts as controlled voltage supply and may compensate all
voltage related issues, such as voltage sag, voltage swell, and voltage harmonics, etc.

A unique UPQC system is enforced during this work while without measurement electrical device voltage,
load and filter current, in order that system performance is improved. The non-ideal mains voltage and
unbalanced load conditions can be calculated and tested in proposed control technique using Matlab/Simulink
software.
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II. CONTROL ALGORITHM IN UPQC
The UPQC consists of two voltage source inverters connected with one another by sharing a typical dc

link. In this one inverter is controlled as a variable voltage supply within the series APF, and therefore the
variable current supply within the shunt APF. Fig. 1 shows a basic system configuration of a general UPQC
consists of the series APF and shunt APF. The main aim of the series APF is harmonic isolation between load
and supply. It has ability of voltage fluctuations and imbalance compensation as well as voltage regulation and
harmonic compensation at the utility consumer point of common coupling (PCC).

Figure 1: Basic structure of a UPQC

Figure 2: Matlab Simulink of UPQC



250 Saurabh S.Jadhao , Gajanan P. Ratnaparkhi , Dr. G.M.Dhole, Dr. S.R. Paraskar

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 4, Issue 6

June 2017

The shunt APF is used to absorb current harmonics, compensate for reactive power and negative-sequence
current and regulate the dc link voltage between both APFs. The proposed UPQC in Matlab/Simulink
simulation software is shown in Fig. 2.

A. Series APF control.
The function of series APF is to compensate the voltage disturbance in the source side, which is due to

the fault in the distribution line at the point of common coupling (PCC). By comparing the positive sequence
component with the load side line voltages transformers. The series APF control algorithm calculates the
reference value to be injected by the series APF. The voltage signal generation algorithm by using proposed
series APF as shown in fig 3. In equation (1) the source voltage VSabc are transformed to d-q-0 (direct
qudrature axis) coordination.

Figure 3: Voltage Reference generation.

1/2 1/2 1/2

2/3 sin( ) sin( 2 /3) sin( 2 /3)

cos( ) cos( 2 /3) cos( 2 /3)

Vso Vsa

Vsd wt wt wt Vsb

Vsq wt wt wt Vsc

 
 

    
          
         

(1)

The voltage in direct axes (vsd) given in equation (2)
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The second order LPF (low pass filter) is calculate by average voltage (vSd). The load side voltages (VLabc)
are calculated as shown  equation (3). The switching signals are assessed by comparing reference voltages
(V*Labc) and the load voltages (VLabc ) and via sinusoidal hysteresis PWM controller.
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These made three-phase load reference voltages are compared with line load voltages and errors are processed
by sinusoidal PWM controller to get the desired switch signal for series APF IGBT switches.

B. Hysteresis Control.
The pulse width modulation technique which can be used for controlling the switching instants of VSI

switches. [6,7] The input of hysteresis controller is limited within a pre-defined hysteresis band (h) and is
carried out by switching the series APF. It utilizes the feedback of PCC phase ( sabcV ).

voltages to generate an error signal ( *LabcV ) given by equation (4) for each.

* *Labc Labc sabcV V V  (4)

Where V*Labc- Voltage reference generation.

VSabc - Source voltage.

Thus, *LabcV signal is fed as an input to controller and is compared with h. This comparison generates the

corresponding gate signals for switches of series APF which further determine its state.

C. Shunt APF control.
The shunt APF illustrate in this work used to compensate the current harmonics and reactive power

generated by the nonlinear load. Fig. 3 shows the shunt APF reference current signal generation. The
instantaneous reactive power (p-q) theory is used to control the shunt APF in real time.

Figure 4: current Reference generation.
The (p-q) theory is used to control of shunt. Three-phase currents and voltages are transformed to α-β-

also known as Clarke transformation  coordinates as shown in equation (5)(6).
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In the source side instantaneous real and imaginary power components are calculated by using source
currents and Phase neutral voltages as given in equation (6). The instantaneous real and imaginary powers
include both oscillating and average components as shown in equation (7). The average components of p and
q consist of positive sequence components (p and q) of source current. The oscillating components (p ~ and q
~) of p and q include harmonic and negative sequence components of source currents [10]. If both harmonic
and reactive power compensation is required. i *sa, i*sb and i*so are the reference currents of shunt APF in α-
β-  coordinates. These currents are transformed to three-phase system as shown in (9).
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In this system the reference currents are calculated in order to compensate neutral, harmonic and reactive
currents in the load. These reference source current signals are then compared with sensed three phase source
currents. To generate the required switching signals for the shunt APF switches, the errors are processed by
hysteresis band PWM controller.

III. SIMULATION RESULTS
In this work present proposed control technique based on d-q-0 algorithm for UPQC. A matlab/simulink

based model has been simulated to verify the effectiveness of proposed technique. The simulation result show
that voltage sag and voltage swell can be compensated very effectively proposed control technique. The
UPQC simulation parameter is given in table 1. The UPQC analyzed based on d-q proposed control
techniques which are given bellow.

A. 20% sag compensation:-
The UPQC model 20% voltage sag crated in 0.1s to 0.3s in three phase voltage as shown in fig(5)(a).

When the three phase supply voltage sag is produce at 0.1s to 0.3s the series APF are activated and inject the
lost sag voltage fig (5)(b). The load voltage side to maintain the magnitude constant during voltage sag
condition as shown in fig (5)(c).  The series injection voltage is during only sag condition than clear the
supply voltage sag and the three phase voltage is balance.

a) Source Voltage



253 Saurabh S.Jadhao , Gajanan P. Ratnaparkhi , Dr. G.M.Dhole, Dr. S.R. Paraskar

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 4, Issue 6

June 2017

b) Injected Voltage

c) Load Voltage

Figure 5:  Simulation results for voltages Sag Condition (a) Source voltage (b) Injected Voltage
(c) Load voltage.

B. 20% swell compensation:-
In this simulation 20% voltage swell are created in three phase at 0.1s to 0.3s as shown in fig (6) (a).

When voltage swell are produced in 0.1s to 0.3s the series APF is activated and inject the missing voltage as
shown in fig (6)(b).The series APF operation and injection voltage is out of phase with supply voltage swell
condition. After the swell will be cleared the load voltage waveform will balanced fig (6)(c).
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a) Source Voltage

b) Injected Voltage

c) Load Voltage

Figure 6: Simulation results for voltages swell condition (a) Source voltage
(b) Injected Voltage (c) Load voltage.

C. Voltage harmonics compensation.
Harmonics are sinusoidal voltages or currents having frequencies that are integer multiples of the

frequency at which the supply system is designed to operate (termed the fundamental frequency; usually 50 or
60 Hz). Periodically distorted waveforms can be decomposed into a sum of the fundamental frequency and the
harmonics. Harmonic distortion originates in the nonlinear characteristics of devices and loads on the power
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system. Harmonic distortion levels are described by the complete harmonic spectrum with magnitudes and
phase angles of each individual harmonic component. It is also common to use a single quantity, the total
harmonic distortion (THD), as a measure of the effective value of harmonic distortion.

The supply voltage distortion is created in all three phases by connecting a 5th and 7th harmonic voltage
source in series with the utility voltage. The voltage harmonics are mainly compensated by series APF is
shown in figure 7.

Figure 7: Before UPQC frequency spectrum for source voltage harmonic condition.

The THD results of source & load voltages are shown in fig.7 respectively. Frequency spectrum of source
and load voltage is shown in fig7. During voltage harmonics condition the THD of load voltage is reduced
from 8.09% to 4.39% as shown in figure 8.
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Figure 8: After UPQC frequency spectrum for source voltage harmonic condition.

IV CONCLUSION
This paper describes a new control strategy used in the UPQC system, the proposed control strategy use

only loads and mains voltage measurements for series APF based on the synchronous reference frame theory.
The instantaneous reactive power theory is used for shunt APF control algorithm by measuring mains voltage
and currents. For simulation distortion is created in supply voltage by adding 5th and 7th harmonics to
fundamental supply voltage, while the load voltage THD is improved from 8.09% to 4.39%. The conventional
methods require measurements of the load, source and filter voltages and currents. The simulation results
show that the voltage sag, voltage swell, can be compensated very effectively using proposed control
technique.

Table 1. UPQC System Parameter

Parameter Notation Value

Source
Voltage Vsabc 380 Vrms

Frequncy f 50 Hz

Load
3-Phase ac line inductance Labc 2mH

3-Phase dc inductance and resistance Ldc3 10mH, 30 Ω

dc-link
Voltage Vdc 700 V

Capacitor 1/2 C1, C2 2200 µF

Series APF
ac line inductane Lse 1.5kHz

Filter resistor and capacitor RC 5Ω , 20µF

Shunt APF
ac line inductane Lse1 3.5 mH

Filter resistor and capacitor RC1 5 Ω,   10 µF
Transformer 3-Phase transformer Tr 220 V
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