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Abstract

This paper presents a control scheme for a Unified Power Quality Conditioner and introduces
a new definition for “power quality’’. This paper present simulation results using
PSCAD/EMTDC program for compensation of power quality problems. Also this paper
shows the results of the measurement of effective parameters in power quality in a typical
industrial unit in the Salimi industrial city near Tabriz, IRAN, with device ION-7330 made in
Power Measurement CO., CANADA.
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1. Introduction

The technology of power electronics has progressed rapidly during recent decades and its
applications are fast expanding in industrial, commercial, residential, military and utility
environments. Both electric utilities and users of electrical power are becoming increasingly
concerned about the quality of electric power. The term power quality has become one of the
most prolific buzzwords in the power industry since the late 1980s.

In different references different definitions have been presented for power quality. For
example, utilities may define power quality as reliability and show statistics demonstrating
that the system is 99.98 percent reliable [1]. The manufacturer of load equipment may define
quality power as those characteristics of the power supply that enable the equipment to work
properly. These can be very different for different equipment and different manufacturers.
However, the most unified definition for power quality is:

Any power problem manifested in voltage, current, or frequency deviations that result in
failure or miss-operation of customer equipment.

There are four major reasons for problems concerning power quality:

1. Load equipment is becoming more sensitive to power quality variations nowadays.

2. The increased utilization of adjustable speed motor drives and shunt capacitors, etc.

3. Increased awareness of power quality issues by the users.

4. Power networks interconnection between different power systems.

Energy converters such as air conditioners, refrigeration systems and renewable energy
systems are the considerable sources of power quality problems. Connection of these systems
to the utility results in voltage quality problems such as voltage harmonics, voltage sag/swell
and voltage fluctuation as well as current quality problems such as current harmonics and
imbalance currents. On the other hand, poor power quality not only results in reduction of
efficiency, malfunction, production of audible noise and reduction of life cycle of EEC, but
also is an origin of electric power problems on the operation of nearby installed electric
apparatuses. The Unified Power Quality Conditioner (UPQC) is expected to be one of the
most important systems to overcome the power quality problems in distribution systems. The
distribution systems are considered as a link between producers and consumers, so they
experience the voltage and current quality problems of both producer and/or consumer. Most
usual voltage quality problems of utility are voltage imbalance, sag, swell, fluctuation,
harmonic and notches. On the other hand, there are well known current quality problems such
as harmonics, imbalance neutral current, which affects the power quality of utility. The UPQC



is used to overcome all of the above mentioned problems simultaneously. This system is
usable especially in such cases that a group of harmonic sensitive loads are operating close to
a (or group of) harmonic and/ or imbalance generating load(s) and on the other hand, there are
some voltage quality problems in the utility too. It is important to notice that this condition is
a usual case especially in industrial sites with a poor quality utility source.

2. Principle of UPQC Operation

According to the basic idea of UPQC, it consists of back-to-back connection of two three-
phase active filters (AFs) with a common dc link. One of the AFs is connected in parallel with
the utility and is called parallel active filter (PAF). The PAF works as current source and
usually compensates for current quality problems of load and regulating of dc link. Fig.(1)
shows single line diagram of PAF. With controlling of magnitude of inverter output voltage it
can absorb or inject reactive power from or to AC transmission line [2].

Capabilities and specifications of PAF are:

Current harmonics and imbalance compensation, supply of requirement reactive power of
load and in general compensation of all current quality problems. On the other hand, the
second AF is connected in series with the utility and acts as series active filter (SAF) to
compensate for voltage quality problems of utility. Fig.(2) shows single line diagram of SAF.
Capabilities and specifications of SAF are:

Compensation of all voltage quality problems such as voltage imbalance, sag, swell,
fluctuation, harmonic, notch and active power flow [3].
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Fig (1): Single line diagram of PAF. Fig (2): Single line diagram of SAF
Fig.(3) shows the general power circuit configuration of UPQC. In Fig.(3) the notations of i,,
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i, 1o and v,, v, V. stand for instantaneous load side currents and utility side voltages,
respectively. The operation of UPQC results in generation of compensation currents of PAF,
1compas 1 compbs lcompe, aNd compensation voltages of SAF, V compa, V compbs V compe, 101 the phases a,
b and c, respectively. The notations i, 15, and iy, stands for source side currents and v ,, v
Lb and v 1., stands for load side voltages in the phases a, b and c, respectively. It is possible
writing the following expressions easily:
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Equation 1 shows that the waveforms of source side currents are controllable using the
operation of PAF. Equation 2 shows that the waveforms of load side voltages are controllable

using the operation of SAF.
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Fig (3): General configuration of UPQC.

3. Measurement of Effective Parameters in Power Quality
In this subsection the results of measurement of effective parameters in power quality in the
typical industrial unit in Salimi industrial city near Tabriz, IRAN, carried out by ION 7330
made in Power Measurement co. Canada, are presented. For measured data analysis made by
this device, Power View software has been used.
Electrical specifications of this unit are: P = 1000 kW & V =20 kV
Fig.(4) shows the results of the measurements. Fig.(4-a) shows variation of total active and
reactive power of industrial unit. Fig.(4-b) shows power factor of this industrial unit. Fig.(4-c)
shows voltage imbalance and current imbalance. As shown from this figure, voltage
imbalance is within standard band and current imbalance is nearly high. Fig.(4-d) shows
currents of phases a, b, c. Fig.(4-e) shows harmonic spectra of current phases a, b, c. As
shown from this figure, harmonics of 2, 3, 5, 7 orders have high percentages and them values
exceed from IEEE519 standard. Therefore according to measurements, shown in this unit,
problems are related to current and they could be decreased by using PAF.
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Fig (4-b): Power factor vs. time.
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Fig (4-c): Voltage imbalance and current imbalance vs. time.
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Fig (4-¢): Harmonic spectrum of load side currents.

4. Control System of UPQC
The control system of UPQC has two parts:



1) Shunt converter (PAF) control system
2) Series converter (SAF) control system
These are described in the below subsections.

4.1. Shunt Converter Control system

The PAF is used for compensation of reactive power, unbalance and harmonics of load
currents. Also, it is controlling the DC link capacitor voltage. In the presented control system,
the voltages and currents of load are measured and transferred to the d-q forms by
transformation (4). Then active and reactive power is calculated from equations (5), (6).
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In the above equations Q,Q,P are undesirable components and are due harmonics,
unbalances and reactive power of load. The term of P is desirable component and is due the
active power of load. Thus, the PAF must be compensating undesirable components. For
obtaining undesirable component of active power (P) the active power signal, calculated

from equation 5, is flowed from a high pass filter with cut off frequency 10 HZ.
The d-q forms of reference currents of PAF are calculated from equations (7), (8).
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The unbalanced component of load current can be calculated as bellow:
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For controlling of DC link capacitor voltage (as shown in Fig (5)) error signal of V., -V, 1s
applied to a PI controller and then is added to Ig* (that is named lq,). Finally, reference

currents of PAF are obtained from equation 10.
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From above equations the PAF control system can be formed as Fig. 5.
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Fig (5): Control bloke diagram of PAF.

4.2. Series Converter Control System

SAF is used for compensating of harmonics and unbalances of utility side voltages.
Therefore, voltage on load will be balanced and sinusoidal. The references voltage of SAF is
calculated as below:
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From these equations the series active filter control system can be formed as

bellow:
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Fig (6): Control block diagram of SAF.



The oscillations parts of V, and V, are due unbalances and harmonics of utility side voltages.

Therefore, SAF injects these voltages in series with utility until load voltages be balanced and
sinusoidal.

The gating signals of shunt and series inverters are generated by SPWM technique (as shown
in Fig (7)).

Out Put

(R
C t
Reference Value | m& & oren

U —EE}% SPWM g% INEE
JM%];: fc=1650 Hz

Fig (7): SPWM generating circuit.

5. Simulation Results

In this section the UPQC will be used for the compensation of power quality problems
through the application of PSCAD/EMTDC Program [4].

UPQC can isolate the utility from consumer power quality problems and vice versa, thus it
can improve the power quality at the point of installation [5, 6]. Fig (8) shows the test circuit.
This circuit includes a R-L unbalanced load and a nonlinear load (a 3-phase rectifier).

Fig (9) and Fig (10) show the simulation Results of UPQC. Fig (9) shows the operation
results of PAF. This figure shows that the PAF compensates the harmonics of load current
and reactive power of load. Fig (9.c) reports that source line current is in the same phase with
source voltage. Therefore, the source reactive power is kept to zero. Fig (10) shows the
operation results of SAF. This figure refers that, if the source voltage is including unbalanced
and harmonics the SAF compensates them and therefore, load voltage will be symmetrical
and sinusoidal. The Fig (11) shows the variations of DC link capacitor voltage.
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Fig (8): Test circuit.
6. Conclusion

This paper presents a simple control scheme for a UPQC. The active Filters and UPQC are
proposed for solution of power quality problems in distribution systems. The operation of
UPQC in compensation for power quality problems is studied through simulation using
PSCAD/EMTDC. The presented simulation results show the suitable operation of control
system. Power quality problems such as current harmonics, unbalance currents, voltage
imbalance and reactive power are measured and demonstrated in an industrial city near
Tabriz, Iran, too.
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Fig (9): Simulation results of shunt part of UPQC. Fig (10): Simulation results of series part of UPQC.
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ELEKTROENERJi SISTEMLORINDO ENERJININ KEYFIYYOTINI
IDARD ETMOK UCUN YENI QURGU

OCOMI A., HUSEYNI S.H.
Magalads enerjinin keyfiyyotine nazarat etmak {igiin totbiq olunan yeni idaraedici qurgunun

sxemi vo enerjinin keyfiyyotine dair yeni anlayis verilir. Enerjinin keyfiyyoti iizro
problemlori kompense etmok iicin PSCAD/EMTDC proqramindan istifade ederak



modellasdirilmanin naticelari toqdim olunmusdur. Eyni zamanda Power Measurement CO
(Kanada) sirketi terefinden hazirlanmig ION-7330 markali qurgudan istifade ederak, senaye
qurgusu vasitesile Tebriz (Iran) seheri yaxmligindaki Selimi seherinde enerjinin keyfiyyotini
xarakterize edon effektiv parametrlor iizro 6lgmalorin naticelori verilmisdir.

HOBOE YCTPOMCTBO YIIPABJIEHWS KAYECTBOM DHEPT U
B QJIEKTPOOHEPTETHYECKUX CUCTEMAX

AJI’KAMM A., XOCCEWHH C.X.

B nmanHOW cTaThe mpencTaBiieHa cxeMa yrpaBieHus s YHudbunupoBanHoro KoHTposs
KauecTtBa OHeprum u BBOAMTCS HOBOE ompefeseHue “xkadectBa sHepruun". I[lpuBonsarcs
pe3yabTaThl MOJETUpOBaHUS C wucnoib3oBanueM mnporpammbl PSCAD/EMTDC  nans
KOMIIEHCAIIMK TpOoOJIeM KadecTBa JHEpPrud. Takke TMOKa3aHbl pPe3ylbTaThl W3MEPEHUS
3¢ (eKTUBHBIX MapaMeTPOB KauecTBAa SHEPTUU B THUIMHMYHOM HHIYyCTpUATbHONW yCTaHOBKE B
ropone Camumu BOmu3u Tebpmza (MPAH) ¢ momomsio ycrpoiictBa ION-7330,
M3roToBJIeHHOTO KommnaHueit Power Measurement CO (Kanana)..



