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Abstract - In this paper unified power quality conditioner
(UPQC) using a single- to three-phase topology called UPQC-
1Ph-to-3Ph in electrical power distribution system is designed
using three phase four wire system. An analysis of the power
flow through the series and parallel converters is performed in
order to aid the designing of the power converters. The system
is able to suppress grid voltage harmonics as well as to
compensate voltage sags. A 3P4W system with regulated,
balanced and sinusoidal voltages with low harmonic contents
is provided for single- and three-phase loads. The performance
of the System is simulated using MATLAB-SIMULINK model.
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1.INTRODUCTION

Unified power quality conditioner (UPQC) whichisa
combination of back to back connected series active power
filter and shunt active power filter attached to a common DC
link voltage is one of the progressed forms of power
conditioning device as shown in figurel. This topology will
getting better for the power quality and facilitates this
equipment to have a reduced dc-link voltage without
reducing its compensation capability. Because of the
increase of nonlinear loads attached to the electrical power
system causing distortions in the utility voltages at the point
of common coupling the demand for power quality (PQ)
improvement. Unified power quality conditioner used to
compensate both source and load side problems is one of the
best custom power devices.

Power quality problems have received a great
attention because of their impacts on both utilities and
customers. PQ problems on the proper operation of sensitive
equipment causing defect such as voltage sags/swells and
voltage unbalances. Furthermore, additional procedures
should be taken under consideration in order to overcome
PQ problems linked to harmonic currents generated by
nonlinear loads, load unbalances and reactive power
demanded by the load.
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Figure 1: Block diagram of UPQC

The Block diagram shown in figure 1 has single-
phase three-wire power supply system. The UPQC is a
custom power device which joins the series and shuntactive
filters attached back-to-back on dc side and dividing a
common DC capacitor. This dual performance makes the
UPQC as one of the most proper devices that could solve the
issues of both consumers as well as of utility. The voltage
distortions can be compensated by the series filter and the
reactive power and counteract the harmonic currentinjected
by the load can be compensated by shunt filter and the
voltage of the DC link capacitor is composed to a desired
value by the shunt active filter. UPQC is composed of two
Voltage Source Converters (VSC) and is attached in series
with the feeder and the other is connected in parallel to a
similar feeder. Whenever the supply voltage undergoes sag
and then series converter injects correct voltage with supply.
The series filter suppresses and isolates voltage based
distortions, although the shunt filter cancels current-based
distortions. It is composed of a series voltage-source
converter attached in series with the AC line and acts as a
voltage source to decrease voltage distortions. It is used to
eliminate supply voltage flickers or imbalance from the load
terminal voltage and forces the shunt branch to absorb
current harmonics generated by the nonlinear load. Control
of series converter output voltage is usually performed by
pulse-width modulation (PWM).

© 2021,IRJET | ImpactFactor value: 7.529

IS0 9001:2008 Certified Journal | Page 1248



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 08 Issue: 06 | June 2021

www.irjet.net

p-ISSN: 2395-0072

2. CONVENTIONAL UPQC CONFIGURATION

Figure 1 shows the basic UPQC configuration.
Unified /Power Quality Conditioner (UPQC) is principally
consisted of two active power filters one APF is connected in
series with the grid and other is connected in parallel with
the load connected back to back through a DC link. In UPQC
mitigate voltage distortions and maintains the voltage at
load side, Series APF on the source side is intended to
completely balanced, sinusoidal and regulated. By
suppressing the load current harmonics, Parallel APF is
controlled current source and draws unwanted current
component generated by the load and provide the source
current to be fully sinusoidal and without harmonics and

distortions.
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Figure 2 Conventional UPQC diagram
3. PROPOSED UPQC CONFIGURATION

Figure 3 shows a single-phase to three-phase UPQC
consists of two active power filters connected to a common
DC-link. DC-link split capacitor is employed single wire earth
return system whose mid-point has been connected to
earthed return conductor of the load. One half-bridge
converter acts as series active power filter (S-APF) and three
half-bridge converters together act as parallel active power
filter (P-APF) of which total four half-bridge PWM converters
are used for the formation of UPQC. Series APF in phase with
the grid source voltage and draining the harmonic currents
operates as a sinusoidal current source. Parallel APF is
provides regulated and balanced voltages controlled to
function as a sinusoidal voltage source.
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Figure 3 UPQC-1Ph-to-3Ph Topology

For UPQC, three phase p-q /d-q theory is most
generally used time-domain control techniques in which to
free the fundamental and harmonic quantities, the voltage
and current signals in ABC frame is transfer to stationary
reference frame (p-q theory) or synchronously rotating frame
(d-q theory). In p-q theory, spontaneous active and reactive
powers are computed while the d-q theory deals with the
current independent of the supply voltage. These quantities
can easily be extracted using a low pass filter or a high-pass
filter. Due to the dc signal extraction, filtering of signals in the
a-B reference frame is insensitive to any phase shift errors
introduced by LPF. However, the cut-off frequency of these
LPF or HPF can affect the dynamic appearance of the
controller.

Synchronous Reference Frame (SRF) based
controller (d-g-o axes) of the UPQC for speed control and to
differ the system operation using PI controller is used to
regulate the input currents and output voltages. when
continuous control references (V and I) into the SRF based
controller is permitted, the PI controller leads to reduction in
the steady state errors. The conventional SRF algorithm is
also known as d-q method. The conventional SRF method
may be used to extract the harmonics contained in the supply
voltages or currents. For current harmonic compensation, the
distorted currents are first transmitted into two-phase
stationary coordinates using a—f3 transformation. After that,
the stationary frame quantities are transmitted into
synchronous rotating frames using cosine and sine functions
from the phase-locked loop (PLL).
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4. SIMULATIONS AND RESULTS

The Simulink developed by Math Works, is a data flow graphical programming language tool for modeling, simulating
and analyzing multi domain dynamic systems. For the purpose of controller design, model verification and evaluation were
modeled in MATLAB using SIMULINK as shown in figure 4.
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5. CONCLUSION

In this paper unified power quality conditioner
(UPQC) using a single- to three-phase topology called UPQC-
1Ph-to-3Ph in electrical power distribution system was
designed and simulated using three phase four wire system.
An UPQC is able to protect the distribution system from
various disturbances like voltage variations, transients, and
distortions by using Synchronous reference frame (SRF)
control strategy for series and shunt converters. The
recommended Dual unified power quality was able to satisfy
the nonlinear load currents and also ensure the sinusoidal
voltage for the load in all three phases.
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