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SIKicTh  enexTpoeHeprii — Lie NWTaHHS, SKE IPUBEPTAaE yBary
JIOCTIIHUKIB ~ TI0  BCbOMY  CBiTY. I3 3pOCTaHHSAM  KIIBKOCTI
HAIIBIPOBITHUKOBOrO 0a30BOro 00JaHAaHHS OYyJO MEperisHyTO SKICTh
eneKTpoeHepril. IcHye 0araTo NpHYMH BHHUKHEHHS MPOOJIEM SIKCOTI
€JIEKTPOCHEPril, KOPOTKOYACHE 3HIKEHHS/IIiIBUILICHHSI HaIpyry,
TapMOHIYHI XBWJI, IIBU/IKI CUTHAJIBHI IMITYJIbCH, CYO-LIMKIITYHI IMITYJIbCH,
HelTpanbHi 200 (oHOBI BHCOKoWacToTHI miymu i T.J1. Jleski 3 mux
IEPELIKO]] BUHUKAIOTh JIOCHTh YacToO 1 CHPUYMHSIOTH HECHPABHOCTI, a
iHm (sx Hanpukiaa 1 HanocekyHaa a60 0.5 HAHOCEKYHT) TPAILISIOTHCS
PpinKo, abo kK PiKO CIPHYMHSIOTH HECIIPABHOCTI. BaxKITMBUM 3aBIaHHSM €
OLIHUTH pIBEHb SKOCTI €JIEKTPOEHEprii Ta BU3HAYUTH HPUYUHY
BUHUKHEHHS ~ HECHPAaBHOCTEH,  sIKi ~ BMKIMKAIOTb  IOpPYLICHHS
€IIEKTPUYHOTO PEXUMY B CHUCTEMax €NIeKTPOSHEPTii, 1110 B CBOIO 4epry
BH3HAYAE BITHOIICHHS JI0 LBOTO ITOTraHOi SIKOCTI enekTpoeHepril. s
TOro, MO0 MpOAHAN3YBATH Ta BH3HAYMTH 3001 Ta iX NPUYHHH,
HeoOXimHUM OyJe MOHITOPHHI SIKOCTI €JIeKTPOEHEIii, SIKHIl MOXYTb
HPOBOJIUTH SIK KOMYHAJIBHI HIINPUEMCTBA, TaK i KOpUCTyBaui. B Toii yac,
SK KOMYHAJIbHI MiIIPHEMCTBA II0 BCbOMY CBITY 3aiMAarOTHCA
PEryoBaHHsIM Ta JUBEpCHQiKalli€ro, SKICTh ENeKTPOeHeprii mocrae
TOJIOBHOIO TIPOOJIEMOIO Il KOpUCTyBadiB. Po3MexyBaHHS, 3pocTaroue
BUKOPUCTaHHS HEJHIHHOrO OONajgHaHHs, Ine OUIbLI MOrpilmim SKiCTh
enektpoenepril. Ilepen THM, SIK pO3MOYATH BMBYEHHS IHUTAHb SIKOCTI
€IEKTPOCHEPril, MH IOBHHHI 3pO3YyMITH, caMe TMOHSATTA SIKOCTI
enekTpoeHepril. Sk npaBuio, Hac TypOye SIKICTb eNEKTpOeHeprii mpu
BUKODUCTaHHA  HENHIHHOrO  HaBaHTakeHHA. Komn  cucremu
€JIEKTPOPO3IIO/IUICHHS/ BUKOPHCTAHHS TTOB’ sI3aHi, €IEKTPOHA BAHTAKEHHS
Ta iXHii TpoQink, IUIAHYBAaHHS EHEPrOCUCTEMH, pO0OTa JTOMOMDKHOL
CHCTEMH, BKJIIOYAIOUM CTYIIHb HABAHTA)KCHHS HE JIHIAHOCTI, - BCe 1ie
BIUIMBA€E HA SIKICTh €JIEKTpOeHeprii. Mera CHCTeMH MOHITOPHHIY SIKOCTI
€IeKTPOCHEpPril BU3HAYae MeToxu 300py HaHuX, (QYHKUl Ta BUJI
BUMIPIOBJILHOI TeXHIKM 1 T.iH. KpiM LbOro, ycraTkyBaHHS MOBHHHO
XapaKTepHU3yBaTHCd  TOYHICTIO TOKAa3HWKIB, B  3aJIOKHOCTI  BiI
KOPOTKOYACHOTO 3HWJKEHHS! HANpYrd, KOPOTKOYACHOTO Ii/IBULIEHHS
HarpyrH Ta 300iB y CHCTeMI 01yl eIeKTPOCHEPT il a TAKOXK BifI Iepernay
Harpyrd. [IMTaHHS ~ SIKOCTI  €NIEKTPOEHEprii  BUKIMKAIO — 3HAYHE
3aHEIIOKOEHHS B EJICKTPOCHEPTETUYHUX IIIIPUEMCTBAX 13 30UIBILICHHSM
BUKOPUCTaHHS  CEGHCOPHOTO  €IEKTPOHHOIO Ta  KOMII FOTEPHOTO
oOnanHanHs (Harp.. MEPCOHANbHI KOMIT FOTEPH, aBTOMATH30BaHi po0o4i
Micr, JpKepena Ge3nepediiiHoro eeKTporocTadyanHs, (hakcH, NPUHTEPH,
i T.O) Ta IHIIOrO HEJHIHOrO HaBaHTaXeHHs (Harp.. (IIyOpecleHTHe
OCBITJICHHS], PeryJbOBaHi MPUBOIM,CHCTEMU PETYIIIOBAHHS OCBITJICHHSM
Ta ONAJEHHAM, IPOMUCIOBI €JIEKTPUYHI BEHTHW, €JIEKTPO3BAPIOBANIbHI
amapaTy Ta iH..). Bl HenmiHiiHI HecTalioHapHI TeMIOpasIbHi eIeKTPUYHI
HaBaHTAKCHHSI, MOJIULIOTHCS Ha JIBI BEJIMKI KaTeropii, a caMe Ha arnapaTu
3 aHAJOrOBUMH Oyramu (IIyCKOBi/HACHYYBajbHI) Ta amapatd 3
1uppoBuM  (CJICKTPOHHHM) BKIIOYCHHSM IIEPETBOpIOBada. TaKkOXK
BHMIPIOBaHHsI HEOOXIZHO 3/1ICHIOBATH CIICIiaJIbHAM YMHOM. SIK TUIBbKH
Oyno BusiBIeHO Ta 3adikcoBaHo 30iH, aHam3 3adikcoBaHoi (opmu
CUTHAJIy MOKe HajaT Outblie iHpopMauii npo npuduHy 30010. B wiit

poboti Oysno 3pobieHO crpoOy MpoaHaTi3yBaTH MHTAHHS —SIKOCTI
CJIEKTPOCHEPrii, B TOMYy 4HCI CIOCOOM MOHITOPHHIY  SIKOCTI
CJIEKTPOCHEPrii, a TAaKOX BIUIMB TapMOHIYHMX XBWJIb Ha SKICTh

€IIeKTPOCHEPTil.
Ilepexnao sukonarno 6 Aeenyii nepexnadie PIO
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Power quality has been catching the attention of
researchers worldwide. With the advent of more and more
semiconductor based equipments, the power quality sandards
have been re-written. There are many causes of power quality
problems, voltage sags/swells, harmonics, fast impulses or sub-
cycle impulses, neutral to ground high frequency noise etc.
Some of these occur very frequently and cause problems and
others (such as 1 nanosecond or 0.5 nanosecond impulses)
either occur very rardy or cause problems rardy. It is
important to evaluate power quality level and identify the
source of faults that origin electrical disturbancesin electrical
power sysems, which determines the responsbility of a bad
quality of power. I n order to evaluate and identify the disturbances
and its origin, power quality monitoring is the tool that utilities
and customers can use. This paper attempts to review the power
quality issues including ways of monitoring power quality and
also the effect of harmonicson power quality.

Keywords— Power Quality, PQM, Harmonics, Power
factor, THD, Voltage distortion.

[. Introduction

With utilities around the world going in for de
regulation and diversification, power quality has emerged
as the centra issue for customers. The term “Power
Quality” is defined as “Set of parameters defining the
properties of power quality as delivered to the user in
normal operating conditions in terms of continuity of
supply and characteristics of voltage (symmetry,
frequency, magnitude and waveform). Power quality can
be easily understood as shown in thefig 1.

Electrical Grid
Utility

Voltage Current Power
Quiality Quality Quiality

Consumers

Loads

Fig. 1: Concept of power quality

Ddivering a certain leve of voltage gability and snu-
soidd quadity should be the main concern for designers of the
utility eectrical grid. When dectricad distribution/utilization
system isinterconnected, dectric loads and their profile, grid
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design, utility operation including the dectric load degree of
nonlinearity, al together affect and influence the power
quality. The reasons behind the growing concern about
power quality are:

§ The characteridics of the dectric loads have changed
dramaticdly with the proliferetion of new mico-
electronics and sendtive computer type equi pment.

8§ Harmonics cause equipment to fail prematurely
and aso decrease the efficiency of the eectric
distribution/utilization network.

§ Electric power systems are now interconnected,
integrated, and thus any system disturbance can
have an extended serious economic impact
particularly for large industrial type consumers due
to process shutdown.

8 Deregulation of the eectricity market. Consumers
are now much more aware of the power quality
problems issues, and its effect on eguipment
failure and safety hazards.

Il. Power Quality Monitoring

The objectives for a power quality monitoring system
[2] determine the various methods for data collection, the
range and type of measurement equipment etc. In addition
to this, equipments mugt have unwavering features
depending on the power quality category like harmonics,
voltage sag, voltage swell, and interruption in power
supply and voltage flicker etc. All nonlinear and time
varying temporal type eectric loads fall generally in two
wide categories, namely the analog arc (inrush/saturation)
type and digita converter (power electronic) switching
type. Also the measurement must be done in a specific
way. Once the disurbance has been detected and
recorded, analysis of the captured waveforms can give
more information about the disturbance. A simple
classification of power quality monitoring could be:
System monitoring: Its objective consds in deter-
mining the quality of power and the behaviour of the
eectrica system globally. Therange of this sysemis
broader. For example, to check that voltages in dl
buses arein therange indicated by legidation, that the
number of sagsis under the maximum allowed.
Local monitoring: Its  objective consds in
determining the quality of power that isddivered to a
single cugomer. It may be useful to identify if the
utility is supplying power with the leve of qudity
accorded by contract, identify if the source of
dectricdl didurbances are internd or externd,
enhance power quaity service, etc. Power qudity
monitoring involves severd issues like dasdfication
and characterization of eectrica disturbances, propa
gation of disturbances, measurement campaigns i.e
optimizing the number of monitoring points

[Il. Measurement of Harmonics
& Its Effect on Power Factor
Nonlinear type loads contribute to the degradation in

the power quality of eectric supply through the
generation of harmonics [3]. Harmonics interfere with

sensitive-type electronic communications and networks.
The increased use of nonlinear loads makes the harmonic
issue (waveform distortion) a top priority for al
equipment manufacturers, users and eectric utilities.
Lower order harmonics cause the greatest concern in the
electrical distribution/utilization system. Low order triple
harmonics causes hot-neutras, grounding potential rise
(GPR), light flickering, malfunction of computerized data
processing equipment and computer networks and
computer equipment. Another problem which harmonics
cause is that they often do not cancel each other in the
neutral but instead are additive causing very high
currents, sometimes even higher than the line current,
heating and other problems.

There are several defined measures commonly used
for indicating the harmonic severity and content of a
waveform. One of the most common measures is total
harmonic distortion (THD) in current
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Where |;: Fundamental (50Hz) Current;
n: Harmonic order and
In: Harmonic current.
The power factor PF for any non-sinusoidal quantities
is defined by:
PE = Vel cosf, _ Iy
VSI S I S
la= RMS value of the fundamental 50Hz component of
the current. The displacement power factor (DPF, which
is the same as the power factor in linear circuits with pure
sinusoidal voltage and current) is defined as the cosine of
the angle between the fundamental-frequency (50Hz)
current and voltage waveforms) which could be written

as. DPF = cosf ,, therefore, the power factor PF with a
non-sinusoidal current is.

cosf ;

I
PF == DPF
I S
In terms of total harmonic current distortion, the PF and
Is (therms value of thetotal current) could be written as:

PF=— 1 _DPF

J1+THD?
|S:|ﬁJG+THD3)

Thus, we can say that the power factor value decreases
with any high current harmonic content or digtortion or
we can also say that power quality has direct impact on
the power factor. The effect of THD on voltage distortion
has been shown in the following table.

Thus it has been shown that as the voltage level
increases, THD value decreases. Various schemes have
been developed to monitor power quality; we shall
discuss some of these.

Where
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Effect of THD on Voltage distortion limit

Bus Voltage a& Power | Individual Voltage | THD (%)
Control Centre distortion (%)

Less than 69 kV 3 5

69-161 kV 15 25

More than 161 kV 1 15

IV. Power Quality Monitoring System
Over Internet

With the growing use of internet, power quality
monitoring over internet [4] has been developed. By
inspecting and analysing, the major features of the system
are described asfollowing:

- Provides GPS-based power quality meters (PQM)

for synchronously sampling data on the remote
Site;

Sets up site data manager client software that will
manage the nodes who can collect, store and
compress the power quality data produced by the
Power Quality Meters (PQM)

Provides the efficient and convenient methods for
the different sites and data centre to communicate
with each other and allows the different sites to
send their data through the Internet.

A typical internet based power quality monitoring
system will include: a collection of technologiesincluding
a web server, computers, communication networks, and
specialized PQMs. The most common feature of a power
quality monitoring system is the ability to transmit high-
quality data across a communication line. Critical
functions include data acquisition and downloading, data
processing, and ddivery of results and reports.
Traditionally, separate computers have handled these
functions, but new technology is enabling them to be
handled either from a central station or from stations
through-out a monitoring network.

Fig. 2. Aninternet based power quality monitoring system

The PQM is an accurate electronic power meter
capable of sampling voltage and current waveforms.
PQM represents mechanisms for acquiring power quality
data, delivering data to site data manager client software.
All the PQMs are connected to the local network and by
using unigue time synchronization based on GPS. In this
way, it was possible to monitor all the information from
different location on the same graph and the same time
base.

V. Power Quality Measurement Using
Wavelet And Fuzzy Logic

In order to devise methods for monitoring power
quality using wavelet and fuzzy logic, we must define
some of the quantities using fast fourier transform. Y oon
and Devaney [5] proposed Wavelet based algorithms for
power and rms measurements. They separated frequency
into various wavelet levels by IIR filter. The most useful
definition on power system components under non
sinusoidal conditions can be found in the IEEE standard
1459-2000 which provides definitions used for
measurement of electric power quantities under
sinusoidal, non sinusoidal, balanced or unbalanced
conditions. Yoon and Devaney [6] discussed the
theoretical basis for the measurement of reactive power
and digortion powers from the wavelet transforms. The
distortion power at each wavelet sub band has been
derived from real, reactive and apparent powers of the sub
band, where the apparent power is the product of the
voltage, current element pair's sub band rms voltage and
current. Styvaktakis et al. [7] proposed an expert system
for automatic classification of power quality recording.
The main objective of the system was to distinguish
between the different types of power system events
according to their causes. Eldery [8] proposed an
algorithm to determine the optimum number and location
of power quality monitors while keeping the system state
variables, current and bus voltages observable. Willems
[9] proposed separate definitions for the generaization of
the concepts of apparent power and power factor for the
andysis of the efficiency of power transfer and for the
oscillatory character of the instantaneous power. Morsi
and Hawary [10] proposed power components definitions
contained in the IEEE standard 1459-2000 for unbalanced
three phase systems with non-sinusoidal situations with
the help of discrete wave et transform (DWT). Mors and
Hawary [11] reformulated the power components
definitions contained in the |IEEE Standard 1459-2000
which are based on frequency domain approach using
Fourier Transform (FT) in wavelet domain usng DWT.
Mors and Hawary [12] aso proposed the power
components definition for unbalanced three phase
systems operating under non-sinusoidal  conditions.
Ancther method has been presented for achieving better
utilization and control of active power filters dealing with
harmonic and reactive current compensation. Some new
indices have been proposed for disturbance based on time
frequency distribution. The fundamental harmonic and
total active powers are defined as

P= V|l,cosb, , Py = ZV,lncosdy , P=P+Py
h#£1
where V| and |, are the fundamental voltage and current
components, V, and |, are the harmonic voltage and
current components. The fundamental reactive power,
Budeanu's harmonic reactive power and Budeanu's
reactive power are defined as

Q=Vilising,, Qen=2Vilrnsin 0y,
h£1
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and Qg=Q+Qgy'. The fundamental apparent power is
defined as S=V|l,. The current distortion power D, and
harmonic distortion power S, are defined as

Si= Vulu, o1 = Vilw, and §;= Vyl.

Conclusion

For ideal eectrical systems, the supplied power should
have perfect current and voltage sinusoidal waveforms,
being safe and reliable. But the redlity is that the dectric
utilities controls the voltage levels and quality but are
unable to control the current, since the load profile
dictates the shape of the current waveform. With the
growing non linear loads, it is becoming important to
monitor the power quality because as shown in the paper
power quality has direct impact on power factor also.
There are plenty of methods available for the
measurement of power quality but only few of the
methods have been discussed here. Other methods are
also available depending upon the need. The utility can
choose any one method may be suitable for a particular
type of situation. Power quality monitoring and power
metering will alow plants to perform predictive
maintenance, energy management, cost management, and
quality contral.
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