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Abstract:
This paper presents UPQC, a Unified Power 

Quality Conditioner. this technique offers circuitous 
power quality pay of the voltage and conjointly the 
provision current. Latest studies have recommended 
that the UPQC has high efficiency and higher power 
quality. this may be accustomed management the 
flexibility flow inside the transmission by dominant 
the impedance , voltage magnitude and purpose. a 
standard UPQC, the series device controlled as a 
curvilinear  current provide and conjointly the shunt 
device controlled as a curvilinear  voltage provide. 
By victimization this technique the THD value is 
incredibly low, injected voltages or currents gets 
nearer to sinusoidal throughout this fashion we've got 
a bent to accomplishes higher degree esteem. The 
execution of the planned system is mimicked in 
MATLAB/Simulink surroundings 
Key words—Power Quality, UPQC, Active 
power filter, Sinusoidal reference, Harmonic 
content. 

I. Introduction 
Unified power control was usually mirrored by varied 
analysts as a come-at-able technique to bolster the 
quality of power in electrical distribution network . 
the potential of UF-power quality conditioner is to 
urge eliminate the aggravations that influence the 
execution of the elemental load in power framework. 
As it were, the UPQC has the potential of enhancing 
power quality at the aim of firm on power 
appropriation frameworks[1-4]. The UPQC, hence, is 
required to be a standout amongst the fore only 
answers for substantial limit a whole lot touchy to 
supply voltage gleam/unevenness. The UPQC, that 
has two inverters that share one dc association, the 
harmonious current and voltage, and management the 
force stream and voltage solidness. Moreover, the 
UPQC can likewise recompense the voltage intrusion 
inside the event that it's some vitality reposition or 
battery inside the dc be an area of [3] The UPQC 
contains of two dynamic channels, the arrangement 
dynamic channel series device and shunt device. 
these typically controlled as a non curvilinear  current 
provide, that, curving voltage provide, that's 
answerable of The point of this paper is to propose a 
system for on power quality conditioner (UPQC) 

topology, that infuses streams and voltages at higher 
ThD values  into utility framework association 
 

II. POWER QUALITY PROBLEM 
Power quality has distinctive implications to 

varied folks. establishment of Electrical and 
Electronic Engineers (IEEE) customary IEEE1100 
characterizes power quality as “the construct of 
powering and grounding sensitive instrumentation 
terribly} very manner acceptable for the equipment”. 
there is a sensible scope of power quality issues 
connected with grid frameworks taking into account 
time, as associate degree example, future varieties, 
transient time varieties and wholly totally different 
unsettling influences.. 
 
Origin of poor power quality 
Sources of poor Power Quality are recorded as takes 
after, 
• Adjustable –speed drives 
• Switching Power supplies 
 

III. Unified Power Quality Conditioner 
The unified power quality conditioner is usually 

referred to as UPQC. the look configuration relies on 
the affiliation of series and shunt inverters. In this, 
the look configuration is correct series and left shunt 
with the present supply device (CSC) during this 
paper, UPQC-CSC is meant and analysis of the 
results has been done. Unified power quality 
conditioner (UPQC) for nonlinear and voltage 
sensitive load has following facilities[5-8]. 
i. It reduces the harmonics within the provide 
current, so it will improve utility current quality for 
nonlinear masses. 
ii. UPQC provides the volt-ampere demand of the 
load, so the provision voltage and current ar 
invariably in phase; thus, no extra power issue 
correction instrumentation is needed. 
 iii. UPQC maintains load finish voltage at the rated 
price even within the presence of provide voltage sag. 

The most complete configuration of hybrid 
filters is that the unified power quality conditioner 
(UPQC), that is additionally called the universal 
active filter. UPQC may be a multifunction power 
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conditioner that may be wont to compensate varied 
voltage disturbances of the ability provide, to correct 
voltage fluctuation, and to stop the harmonic load 
current from getting into the ability system. it's a 
custom power device designed to mitigate the 
disturbances that have an effect on the performance 
of sensitive and/or crucial masses. UPQC has shunt 
and series compensation capabilities for harmonics, 
reactive power, voltage disturbances, and power-flow 
management. A UPQC consists of 2 voltage-source 
converters with a typical DC link designed in single-
phase, three-phase three-wire, or three-phase four-
wire configurations. One device is connected 
nonparallel through a electrical device between the 
supply and therefore the crucial load at the PCC and 
operates as a voltage-source electrical converter.  

The opposite device is connected in shunt at 
the PCC through a electrical device and operates as a 
current-source electrical converter. The active series 
device compensates for voltage provide disturbances, 
performs harmonic isolation, and damps harmonic 
oscillations[9-10]. The active shunt device 
compensates for load current wave shape distortions 
and reactive power, and performs the DC link voltage 
regulation. UPQC is specifically designed to 
safeguard the crucial load at the purpose of 
installation connected to distorted distribution 
systems by correcting the shortcomings, like 
harmonic distortions at the utility–consumer PCC, 
voltage disturbances, voltage regulation, reactive 
power flow at basic and harmonic frequencies, 
neutral and negative-sequence currents, and harmonic 
isolation  

 
        FIGURE 1.Unified power quality conditioner 

. 
IV. Frequency Ranges Of Harmonic Emissions  
              Power electronics system is a key 
technology for distribution networks, which can 
transfer electrical power from renew- able energy 

sources to grids or generate regulated frequency 
and/or voltage for different loads such as variable 
speed drives and battery chargers. New demands 
for a) cost and size reduction, b) performance and 
quality improvement and flexibility on power 
management have promoted power electronics 
applications extensively in industrial, commercial 
and residential sectors such as in transportation, 
utility and home appliances in the recent years. 

The fundamental principles, which led to the 
harmonic standards can be noted as: 

a) Avoid system and load damage as well as 
disruption due to high harmonic levels 

b) Reduced losses to an acceptable level 
c) A proper and an economical mitigation 

solution for both manufacturers and utility 
companies 

According to the existing IEC regulations, there 
are two main frequency ranges for which 
equipment require to com- ply with harmonic 
emission limits: 0–2 kHz  and  above  150 kHz. 
Currently, there is not any general regulation to 
cover all products within the frequency range of 2–
150 kHz. Due to increasing a number of grid 
connected high-frequency power electronics 
converters such as motor drive systems, solar 
inverters and single-phase converters with PFC 
sys- tems, different disturbances have been reported 
in distribution networks [27]. Thus, the following 
frequency ranges cover almost all frequency 
ranges: noitemsep 

• 0–2 kHz (Low-frequency harmonic) 
• 2–9 kHz 
• 9–150 kHz 
• 150 kHz–30 MHz (Conducted emission) 
• Above 30 MHz (Radiated emission) 
Main  drawbacks  of  power  electronic  systems   

are   low (below 2 kHz) and/or high (above 2 kHz) 
frequency  harmonics emissions. The utilization of 
power electronics systems has been increased 
significantly in many applications such as motor 
drive systems, roof-top solar inverters and compact 
fluorescent lamps, which can inject high-frequency 
and high-energy harmonics  within  the  frequency  
range  of 2–150 kHz in the distribution networks. 

Conventional power electronics products have 
affected the quality of power networks due to 
significant injection of low order harmonics (mainly 
below 2 kHz)[10-12]. Power Factor Correction 
(PFC) circuits have been proposed for single-phase 
power electronic products in order to improve line 
current quality and power factor. The line current of 
a single-phase converter with a PFC system has 
very low current distortion below 2 kHz but can 
inject harmonics at high frequencies. This 
technology cannot be used in a three-phase power 
electronics systems to completely eliminate the 
most important low order harmonics - the 5th and 
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the 7th orders - but it   can mitigate the harmonics 
below a certain level defined by standards such as 
IEC61000-3-2 or IEC61000-3-12 [28]. 

Harmonics have short and long term effects on 
grids, and also on grid connected electronics and 
power electronics equipment such as malfunction, 
failure and losses. These issues reduce the 
reliability, lifetime and efficiency of the electricity 
networks. As shown in Fig. 2, there are no general 
regulations and compatibility levels for harmonics 
within the frequency range of 2–150 kHz to protect 
all electricity networks and grid connected 
equipment. The International Electro-technical 
Commission (IEC), Technical Committee 77A (TC 
77A) – the world leading authority to prepare tech- 
nical documents for international standards – has 
requested international experts to define 
standardization for harmonics within the frequency 
range of 2–150 kHz [29]. The new challenging 
issues of future grids are related to this new 
frequency range and they are classified as: 1) 
generation    of high-frequency harmonics, 2) 
creation of new resonance frequencies and 3) strong 
harmonic interactions between dif- ferent types of 
power electronic systems. Hence the utility 
companies, renewable energy and power electronics 
man- ufactures have been facing new challenges to 
solve these harmonic issues and define proper 
harmonics standards and regulations for grid 
connected electronics and power elec- tronics 
equipment. 

 
V. Harmonic Analysis Of Grid Connected 

Drives 
As mentioned above, a motor drive system 

with a Small DC-link Capacitor (SDLC) has some 
advantages compared to a conventional motor drive 
system with a large DC-link capacitor and inductor. 
From a design point of view, the conventional drives 
have a large size DC or AC choke in order to reduce 
the line current harmonics emissions as well as a 
large DC capacitor to control and reduce DC-link 
voltage fluctuation. These DC-link components 
increase the cost of the conventional drives compared 
to the SDLC drives. However, a comprehensive 
analysis is required to investigate the power quality 
of a distribution network with different penetrations 
of power electronics systems like the SDLC systems. 

One of the main problems of SDLC motor 
drives is the resonant frequency generated by the DC 
link capacitor and the line inductance (Lg). The line 
inductance of a low-voltage distribution network is 
mainly defined by the size and the type of the step-
down transformer and feeders. Thus, the resonant 
frequency of the system depends on the grid 
parameters and its configuration line impedance. 
Value and number of non-linear loads and the drives 
parameters. The resonant frequency may appear at 

any frequency from 150 Hz to 3 kHz in a typical low-
voltage distribution network. The main focus of this 
paper is to analyze two power quality issues of a low-
voltage distribution network with grid connected 
three-phase motor drive systems based on  

a) The resonance effect due to the DC-link 
capacitor of a drive. 

b) Line current harmonics emissions 
affecting the power quality of a grid at PCC. 
It is important to emphasize that the main goal of this 
research work is to highlight power quality issues of 
three phase diode rectifiers with different front-end 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

FIGURE 2. (a) DC-link equivalent circuit for 
motor drive. (b) DC-link resonance factor in 
the conventional, SDLC and EI drives 

topologies and configurations. It has been reported by 
many authors that SDLC motor drives have DC-link 
voltage stability issues. Different active and passive 
damping methods including different modulation 
techniques have been addressed to reduce the DC-
link voltage fluctuation and the resonance due to the 
small capacitance in the DC link. Therefore, the main 
focus of this paper is not on the motor control side of 
the motor drive. On the other hand, it is assumed that 
the SDLC motor drive operates properly at the load 
side while its line current and DC-link effects will be 
analyzed at the grid side. In the following sections, 
three-phase diode rectifiers with 

a) Conventional (CNV), 
b) SDLC and  
c) Electronic Inductor (EI) connected to motor 

drives are analyzed at a unit (single drive) and at a 
system level (multi-drives) with different 
configurations and load profiles.  
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The harmonic analyses have been considered for two 
frequency ranges: 0-2 and 2-9 kHz 
 

V. SIMULATION RESULTS 
The Simulink grew by mathematics Works, is 
associate data stream graphical programming non-
standard speech kit for displaying, recreating and 
breaking down multi-space dynamic frameworks. Its 
essential interface may be a graphical block outlining 
tool associated an adjustable arrangement of block 
libraries. It offers tight coordination with remainder 
of the MATLAB surroundings and may either drive 
MATLAB or be scripted  from it. Simulink is 
generally utilised as a neighborhood of management 
hypothesis and advanced signal getting ready for 
multi-space reenactment and Model-Based style. 
Model of gift framework is incontestable as follows 

  
UPQC Based Harmonic Emission Of Grid 
Connected Rectifiers In Distribution Networks 
Simulation: 
 
Simulation Waveforms  
Input Voltage: 

 
  

Input Current: 

 
 
Inverter Output Voltage & Current: 
 

 
 
Motor Electromagnetic Torque & Speed: 
 

 
 
Circuit:  
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Waveforms: 
Input Voltage: 

 
 
UPQC Output Voltage: 

 
 
UPQC output current: 

 
 
Motor speed and electromagnetic torque: 

 
 
 

  
 

VI. Conclusion 
In this paper, UPQC technology is used to 

maintain the power quality This paper proposed a 
low cost high performance three phase UPQC for 
harmonic compensations. The proposed topology 
needs a smaller number of power switches and a 
lower operating DC-link voltage compared to the 
traditional topology without a compromise with the 
compensation performance of the UPQC. Therefore, 
the proposed UPQC suffers a lower power loss and 
system cost; and the overall system efficiency is 
consequently improved. Design of passive 
components for the proposed UPQC is presented in 
detail. The validity of the proposed topology is 
verified through simulated results: the THD values of 
the supply current and the load voltage are kept very 
low The proposed topology is suitable to apply for 
harmonic compensation applications in medium and 
high voltage power distribution systems. 
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