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Abstract

This paper will present modern times current harmonics related problems in
domesticloads. Current harmonics are produced due to use of non-linear loads in
domesticapplications.Inthispaperanon-
linearloadismodelledinplaceofsimilardomesticloadto serve as the test load. Also
different methods are studied for mitigation of currentharmonics for domestic
applications. The active power filter’s steady state response
wasevaluatedusingP Qtheoryin MATLAB.
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1. INTRODUCTION

Previously, when the era of commercial power generation, transmission and
distributionbegan,themajoroftheloadwaslinearloadforexamplesmotors,incandescentlamp,
etc.The widespread use of equipment, such as, Programmable Logic Controllers
(PLC),Adjustable Speed Drives (ADS), Semi-conducting devices etc. has led to increase
innumber of power quality problems. Due to their non-linear nature, all these loads
causedisturbances in form of current and voltage harmonics [1]. A number of
customer’sequipmentalsodisturbthepowersystemastheyarenon-linearinnature.

Power quality also gets disturbed due to use of step-down transformer in case of house
holdappliancestoreducevoltagetoaparticularlevel. Theinventionsofdiodesandtransistorsan
d their wide acceptance in all types of applications made the load non-linear in
nature.Also the use of Switched Mode Power Supply (SMPS) has led to increase in
certainundesirablecontentsbeinginjectedbacktothepowersystem.OneofthemisHarmonics,
which are components present in waveform that are the multiple integral of the
fundamentalfrequency. Harmonics have various hazardous effects on power system such

as it
affectsoperationofsensitiveequipment,increasedlosses,reductioninoveralllifeofequipment,
etc.

Some of the commonly used domestic loads which are non-linear in nature are
chargers,computers, TVs, LEDs, etc. as these equipment draw harmonics current it will
affect thefunctioningandlifeofdifferentpowersystemcomponentsbetweensourceandload.

2. POWERQUALITY

Many definitions are present in the literature for the word Power Quality. In general,
powerqualityreferstoqualityofvoltageandcurrent.Onutilityside,itmeansdeliveryofreliablep
owerandforcustomer,itmeansuninterruptedpowersupply. Theaimforboth,userandutilityisto
achievetheirend-goalthatisqualityofpowerismaintained.Majorityofpowerquality problems
are caused at utilization end which then propagates through the powersystem.

Power quality problems can be classified into voltage fluctuations, harmonics,

waveformdistortion, transients, voltage imbalance, etc. These problems may be caused
due toswitchingOn/Offheavyloads,loadswitching,non-linearloads,etc. Theeffectsofpower
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qualityproblemsareheatingofmotor,increasedlosses,Electromagneticinterference,andfailu
re of equipment. Harmonics is one of the power quality problem which is moreprevalent
than other because of its effects on power system. Main reason for
causingharmonicsincurrentandvoltagewaveformsisthenon-
linearnatureofloads.Harmonicsare components present in the waveform that are in multiples
of the fundamental frequency.This can be observed both in voltage and current, with
current harmonics being morepronounced. The non-linear nature of the loads and the
switching involved causes thecurrent to be drawn in pulses which can sometimes have
sharp rising or falling edges.Currentharmonicscanleadtovoltageharmonics[7].

3. ACTIVEPOWERFILTERS

Active power filters (APF) are power filters, which can perform the job of
harmonicsmitigation. Active power filters can be used to mitigate harmonics in the
power
systemwhicharesignificantlybelowtheswitchingfrequencyofthefilter. Theactivepowerfilters
areusedtofilteroutbothhigherandlowerorderharmonicsinthepowersystem.[1]

The main difference between active power filters and passive power filters is that
APFsmitigate harmonics by injecting active power with the same frequency but with
reversephase to cancel that harmonic, where passive power filters use combinations of
resistors(R), inductors (L) and capacitors (C) and does not require an external power source
or activecomponents such as transistors. This difference, make it possible for APFs to
mitigate

awiderangeotharmonics.[2]APFsareclassifiedintoshunt,seriesandhybridfilters.ShuntAPFs
are mainly used for current harmonics mitigation, series APFs are used for
voltageharmonics problems. Hybrid APFs are the combination of active and passive filters.
UsuallytheinverterstageofactivepowerfiltersismadefromVoltageSourcelnvertersorCurrent

Sourcelnverters.
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Figurel.DifferenttopologiesofActivepowerFilter|[1]

4. HARMONICSANALYSISOFDOMESTICLOADS
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Themainpurposeofthispaperistomitigatecurrentharmonicsindomesticloads.Soitisnecessar
ytounderstandharmonicanalysisofdomesticloads.

1) Incandescentlamp
Themainelementofincandescentlampistungstenfilamentenclosedalongwithinertgas.By
nature this filament is resistive and so the current and voltage waveforms are
almostsinusoidalandareinphasewitheachother.

2) Switchedmodepowersupply(SMPS)

Many of the commonly used devices TV, charger, PCs make use of SMPS for
theirrequirementofpower. TheadvantageofusingSMPSistheirhighpowerdensityandhighpo
wer output. SMPS consists of rectifier stage with capacitor which causes current
pulsewhich are often short and have a sharp edge. Due to this, distortion can be seen in the
currentwaveformofSMPSandsocausedhigh%THD.

3) LEDlamps
TheuseofLEDlampshasincreasedovertheyearswiththeworldshiftingtowardsenergyefficien
t lighting. Usually LED lights make use of SMPS so that to provide constant currentsupply.
SMPS consists of rectifier stage with capacitor which causes current pulse whichare
often short and have a sharp edge. Due to this, distortion can be seen in the
currentwaveformofSMPSandsocausedhigh%THD.

S. SHUNTACTIVEPOWERFILTER

Figure 1 shows the basic block diagram of working of shunt active power filter.
SAFprovides compensation for harmonics current produced by the use of nonlinear load
inpower system. It does this by injecting equal but opposite compensating current into
thepowersystem.SAFactsaactivecurrentsourcethat
generatescurrentinequalmagnitudebutphaseshiftedby 1 80tothatotharmonicscurrentandinje
ctsthisintothesystemwhichprovidesthecompensation.FigureshowsallthecomponentsofSA
F,theloadcurrentthatcontainsharmonics,thesourcecurrentandthecompensatingcurrentgener
atedbytheS AFforthataddstotheloadcurrent,tomakethesupplysinusoidal.Itcanbeprovedthat
beforecompensationthesourcecurrentarenon-
sinusoidalduetopresenceofharmonicsbutafterthe compensation provided by SAF the
source current becomes sinusoidal if appropriatetechniqueisimplemented.
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Figure2.ShuntActivePowerFilter[1]
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6. MATHEMATICALMODELFORREFERENCEC
URRENTEXTRACTION

Thelnstantaneouspowertheoryorp-
qtheorywasproposedbyAkagiin1983.Thistheoryisapplicableforsteadystateaswellastransie
ntstate. Alsoitcanbeappliedforthreephasesystem with or without neutral wire. Firstly the
three phase voltages and current aretransformedtoa-f3-
OcoordinateswiththehelpofClark’stransformationthentheinstantaneousvaluesofactiveandr
eactivepowerarecalculated.

1 -1 1 ya
"= v*] o wn (1)
vk >0 . y Ve
1 ! ’ ia
. - 1
9=V [ 2 2][ib] )
ig >0 325 _L; ic

Fromequationstheinstantaneousrealpowerandinstantaneousimaginarypoweronaflaxescanbeex
pressedas

[P=P+D = Va ‘ﬁ 3)

q=6q —VpVa

Aboveequationscontainstheaveragepoweraswellasoscillatingcomponentsofrealandreactiv
e power. The oscillating components represent the present of harmonics in
loadcurrent.Usingshuntactivefiltertheharmonicscomponentinloadcurrentcanbecompensat
edandthesourcecurrentthuscanbemadesinusoidal.
Theequationsforcompensatingcurrentreferenceinofaxescanbewrittenas

[ia’ _ [Va B 17 4)

i] 7oz2+7B2 VB— Va][]

FinallybyInverseClarketransformationthecompensatingcurrentreferenceareexpressedas

ica* - 1
lio 1=V 5 [71/2 J?/Z][a] (5)
ico* -1/2 —/3/2

7. MODELLINGOFNON-LINEARLOAD
Shuntactivefilters areusedtodealwiththeproblemsrelatedtocurrentharmonics duetothe use
of nonlinear loads in the system. Shunt active filter provide compensation for
currentharmonics and also help to maintain DC link voltage. Among many available
methods togenerate reference current for active filter, in this thesis instantaneous power
theory (p-qtheory) is used to generate reference current and then this signals are given to
hysteresiscurrentcontrollerforgeneratingswitchingsignals.

SimulationofshuntactivefilterisdoneusingM ATLABsimulationtool. Whennonlinearloadis
connectedloadcurrent andhencethesourcecurrentgetsdistorted duetopresenceof
harmonics. Reference currents for active filter are generated using p-q theory and
thenhysteresiscurrentcontrolisusedtogenerateswitchingsignals.

Hysteresiscurrentcontroltechniquesofferverygooddynamicresponseandsimplicityingener
atingthegatingsignalsforactiveconverter.Inthismethodafeedbackcurrentcontroltechniqueis
usedsothatactualcurrentcontinuouslyfollowsthecommandcurrentlimitedbyahysteresisband.
Thecontrolcircuitgeneratesthesinereferencecurrentwaveofdesired
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magnitude and frequency, and it is compared with actual phase current wave. As the
currentexceedsaprescribehysteresisband,theupperswitchinhalfbridgeisturnedoffandlowers
witchisturnedon.

TablelVariousParametersAppliedtoShuntA ctiveFilter

SYSTEMPARAMETERS VALUES
ACvoltagesupply(phase- 230V
phaserms)

Linefrequency 50Hz
NonlinearLoad (3 phase full R=10Q
wavecontrolledrectifier) L=1mH
DCsidecapacitorvoltage 325V
FilterInductance 0.1lmH
DCsidecapacitor 3500uF
Kp,Ki 0.2,10

8. SIMULATIONRESULTS

Table2Resultsobtainedfromsimulation

Conditionin THDinsourcecurrent THDinsourcecurrent
Simulation beforeactivefiltering afteractivefiltering
Steadystatecondition 30.57% 3.94%

AT M M m M M M M W

40)

20

=0
-2
4
W W W W W W W W W W
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Time
(a)
FFT amaiyin
Fundamental(50Hz)=61.69, THD=30.57%
10 T T T T
80~ R
§607 B
5
g wr |
gzo— B
o] L 1 I 1 1 I S B |
0 4 6 8 10 12 14 16 18 20
Harmonicorder
(b)
Figure3Simulationresultsbeforecompensation(a)Loadcurrent(b)THDofLoadcurren
t

Page No: 5



Journal of Vibration Engineering(1004-4523) || Volume 24 Issue 6 2024 || www.jove.science

" li

—
IR N oy

—
T Ry
e

—
—t
s
e it
et

———
—
—

———

-

©
S
—t—...

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Time

()

-6
0 0.02 004 006 008 0.1 012 014 016 018 0.2
Time
(b)
FFT andlysis
Fundamental(50Hz)=62.73,THD=3.94%
10 T T T T T T T
80F
60F
B
£ 4of
Eot
0 L L 1 1 n L L 1 1 L 1
0 2 4 6 8 10 12 14 16 18 2
Harmonicorder
()
Figure4Resultsaftercompensation(a)Sourcecurrent(b)Compensatingcurrent(c)THD
ofsourcecurrent

Page No: 6



Journal of Vibration Engineering(1004-4523) || Volume 24 Issue 6 2024 || www.jove.science

9. CONCLUSIONS

A shunt active power filter has been investigated for power quality improvement.
Fromsimulation results it can be conclude that SAF can be effectively used for harmonics
currentcompensationduetononlinearloads. Alsop-
gtheorycanbeimplementedforsteadystateaswellastransientconditionswhenthesupplyvolta
geisbalanced.
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