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EDITORIAL

Estimadosleitores

Voltamosavossapresencacomadécimasétimaedicdodanossarevistaecontinuaaverificar-seuminteressecrescentepelas
nossaspublicagdes.Nestaedi¢do,destacam-seassuntosdecardctermaiscientificoedaiomaiornimerodeartigospublicados
emlingualnglesa, queesperamosquepossamtambémcontribuirparasatisfazerasexpectativasdoelevadoniumerosde
leitoresquetemosempaisesestrangeiros,ereforgcaroespagodedivulgacdaodanossarevistaporumamaiornimerodepaises.
Nestaedigdomerecemparticulardestaqueosassuntosrelacionadoscomasmaquinaselétricas, osveiculoshibridosea
mobilidadeelétrica.Saotambémpublicadosimportantesartigossobresistemasdeterrasemétodosdeprotecaodedefeitosa
terraemredesdedistribuicdodeenergia.Outroassuntoimportanteerelacionadocomaeficiénciaenergética,temhavercom

umartigosobretecnologiasdeiluminagdaobaseadosemlampadasLED.

OsmotoresdeMagnetePermanente(PM),oudeimanespermanentes,sdomotoresadequadosparaquasetodasasaplicagoes,
comobombas, elevadores, compressores, ventiladores, extrusores, geradores, veiculoselétricos, servoconversores, torresde
arrefecimento, eletrodomésticos, etc. OartigoqueseapresentanestaedigdodarevistaNeutro-a-Terra, daautoriadeum
investigadordaWEG,decardtermaiscientifico,apresentaalgumasaplicagdesemqueautilizacdodemotoresPMpermitiram

melhoriasnaeficiénciaenergéticaenaqualidadedoprocessoemquesdoutilizados.

Outroimportanteartigoqueéapresentadonarevista,correspondenteaumtrabalhodeinvestigacaorealizadonolSEP,tema
vercomaprote¢dodedefeitosaterraemredesdedistribuicdo.Aopgdopelométododeterraadotadonosistematemuma
influénciadiretasobreodesempenhoglobaldatotalidadedamédiatensdaodarede,bemcomosobreamagnitudedacorrente
dedefeitoaterra.Paraqualquertipodesistemasdeterra:sistemasnaoligadosdiretamenteaterra,sistemascomligacdoa
terradebaixaimpedanciaesistemasdeterraressonantes,pode-seencontrarvantagensedesvantagens.Oartigoapresentaum

estudodetalhadosobreoassunto.

Nas ultimas décadas assistiu-seaumacentuadodesenvolvimentodos veiculos hibridos elétricos convencionais. Asua
proliferagdoencontra-sehojebemdisseminada, empraticamentetodasasgamas, refletindoaconfiangadosconsumidores.
Comvistaaatenuaraindamaisousodoscombustiveisfosseis,atendénciaedeaumentaroniveldeeletrificagdonasversoes

hibridasmaisrecentes,bemcomodaofertadeverséespuramenteelétricas.Noentanto,aevolugdodosultimosanos,querao

nivel daapostaporpartedosfabricantes,queraonivel dovolumedevendas,pareceindiciarumanovafasedeproliferagao
destesveiculos, aqual seencontraaindaadarosprimeirospassos. Nestaedigdodarevistaapresenta-sedoisimportantes
artigostécnicosqueabordamamobilidadeelétrica, aonivel daclassificagdodosveiculoshibridos, emfungaodonivel de

eletrificagdodosistemadepropulsdo,assimcomoumaabordagemaosveiculospuramenteelétricos,fazendo-seconsideragées

acercadoimpactomundialdosveiculoshibridosPlug-inepuramenteelétricos,nosultimos5anos.

Nestaedigdodanossarevista,aindaseapresentaoutraspublicagdestambémmuitointeressantes,comoumartigoqueaborda
osvariosmétodosdeinstalagdodacabossubterraneos, umartigosobreolTED3, umartigoqueabordaosprincipais
fundamentosdadete¢doautomaticadeincéndiosemedificioseummuitointeressanteartigosobreoestudodasvarias

tecnologiasdelampadasLEDeoseuimpactonautilizagao.

Fazendovotosqueestaedi¢dodarevista“NeutroaTerra”vanovamenteaoencontrodasexpectativasdosnossosleitores,

apresentoosmeuscordiaiscumprimentos.
Porto, julho de 2016

José Antdnio Beleza Carvalho
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EwelinaSzwal ?, José Teixeira Puga, Maria Judite Ferreira, Anténio Gomes

Instituto Superior de Engenharia do Porto ( *Aluno)

STUDYOF LED LAMPS TECHNOLOGIES IMPACTONTHE UTILITY

1. Introduction

Withthegrowinginterest intheissueof reducingpower

consumptioninelectricity applications, energy-saving

devises andtheproblemof their operationgains more
attention. Theincreaseintheutilizationof energy-saving
lamps, especiallyLEDlamps, leadstothewideinterestin
their influence on the power system. The impact of
discusseddevicesonthevoltageandcurrentinthegridmust
bethoroughlystudiedbeforelaunchingdevices intothe
market.ThestudiesundertakenontheLEDlampspresentin
awiderangetheissueofharmonicemissionfromlampsand
their influence on power quality. Due to many
manufacturingtechnologies, differentLEDdevicescanhave
variouseffectsontheutility. It issignificant tocarryout
researchesconcerningtheadverseeffectsofenergy-saving
lamps in order to utilize devices that meet certain
requirements which are set by the international

commissions.

Theoverall purposeof conductedlaboratorytestsisthe

wideanalysis of different LEDtubes influenceonpower
qualitywiththespecial emphasis put ontheharmonics
emission. LEDtubesproducedbydifferent manufacturers

willbestudiedinthetermsoftheireffectontheutility.

TofurtherunderstandandjudgetheinfluenceofLEDtubes
onthepowergridwereconductedsimulationsinMatlab
Simulinkenvironment.Thesimulationsconcerntheissueof
harmonicsemissionfromthebasicnon-linearloadwhichisa
dioderectifierwithaLEDtube. Simulationsweredonein
ordertoobservetheinfluenceoftheloadonpowerquality.
Subsequentlysimulationswithlargerquantitiesofnon-linear
deviceshavebeendonetounderstandtheoperationof
manydevicesconnectedtotheutilityandtheireffecton
voltageandcurrentinthegrid.InSimulinkhasbeentested

andcompareddifferentpassivefilters.ltwasprecededwith

the wide analysis of the operation of filterswhich

subsequentlyallowedtodesignseveral passivefiltersand
observetheeffectsoftheirutilizationinthesimulation. In
thissecondpartwasalsodiscussedtheissueofimmunityof
electricaldeviceswiththeemphasisputontheimmunityfor
voltagedips,swellsandfluctuations.

astationto

Inthenext  step, inthelaboratorywasbuilt

measuretheimpact  of LEDtubesontheutility. Devices

wheretestedmainlyinthetermsof harmonicsemission,
withthe use of various testing equipment. Harmonics
emissionwithdifferent  conditionsof powersupplingwas
testedinordertoobserveLEDtubesbehaviourwithvarious

levelsofsuppliedvoltage.T

hemeasuringstationwasdesignedwiththeconsiderationof
parameters of the equipment being under tests and
magnitudeswhichweretobemeasured. Theinfluenceon
powerqualityofdifferentLEDtubeshavebeencompared,as
well as effects of different LEDtubes  combinations.
Measurementsweredonewithdifferentequipmentvarying
inthewaysofmeasuringandintheaccuracy.Thestationfor
observing the effects of voltage fluctuations has been
designedandbuilt,inordertogettheknowledgeaboutLED

tubesresponseforthesimulatedvoltagedistortions.

Thestudiescarriedoutinthelaboratoryallowedtojudge
LEDtubesinfluenceonpower gridanddrawconclusions

connectedwiththeiroperation.

Donemeasurementsandcalculationsallowedtousethe

gainedtheoreticalknowledgeinthepractice.

Obtainedresultsledtothecompleteunderstandingofthe

importanceof conductedtestsandtheunderstandingof
obligationofputtingemphasisontheissueofpowerquality
beinginfluencedbyLEDtubes,whicharecommonlyusedin

theindustry.
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2. Theprincipleof LEDoperationandtheissues

connectedwithharmonicdisturbances

2.1. BasicsofLEDsoperation

Alight-emittingdiodeisasemiconductorlightsourcethat

convertselectrical energyintooptical energy.Thesourceof
lightingisachipof semiconductingmaterial dopedwith
impurities.Dopingasemiconductorleadstothecreationof
twoseparatetypesofsemiconductorsinthesamecrystal.
Theboundarybetweenthetwotypesisap-njunction.LEDs
operation is connected with the phenomenon of
electroluminescencewhichconsists of recombinationof
electrons withholes withinthedevice, accompaniedby

releasingenergyintheformofphotons[1].

2.2. Powerqualityissue

Powerqualityisaworldwideissueasitisconnectedwith

continuous supply of electric energy. Electrified and
automated modern world is dependent on the
uninterruptedsupplyof  powerhencethetopicof power

qualityisessentialtobestudiedinaprofoundway.

The widespread use of electronic equipment, power

electronic devices, energy efficient lightning,

telecommunications equipment and computerized

equipment ledtothechange of electric loads nature,
therefore power quality topics are nowadays causing

concerns.

Moderndevicesarenotonlysusceptibletopowerquality

issuesbutalsotheyhaveaninfluenceoncurrentandvoltage
inthegrid.Generallypowerqualitycanbeunderstoodasthe
setofparametersdefiningthepropertiesofelectricenergy
suppliedtousersortheinteractionofelectrical powerwith
electrical equipment. It is connected mostly withthe

parameters of supplied voltage. Nowadays bad power
qualityisasignificantconcernofbothpowersuppliersand

customers.

ARTIGO TECNICO

Therearemanytermsdescribingtheparametersofpower
supplythatdenoteitsquality, someof whichare: voltage
sags, voltage interruptions, voltage swells, transients,
voltage unbalances, flickers, total harmonic distortion,

harmonics,interharmonics,supraharmonics.

ThestudyundertakenonLEDtubesshowedthatthemain
concern connected with this devices are harmonic

disturbances.

2.3.  Generationof harmonicsandtheireffectsonthe
powergridanddevices

Thebasicreasonof harmonicsgenerationisthat current

flowingthroughtheloadisnotlinearlyrelatedtotheapplied

voltage. Harmonicsarecausedmainlybynonlinearloads,

whichareusedineverydaylife.Theseloadscausecurrentto

vary disproportionally withvoltage during eachperiod.

Nonlinear characteristics of commonlyuseddevices and

loadsgiverisetotheharmonicdistortion.

Modernelectronic  equipment drawfromthegridnon-
sinusoidal, distorted current which includes harmonics,
whichareinjectedbackintopowerdistributionsystem.
Whenanon-linearloaddrawscurrent, thatcurrentpasses
throughall oftheimpedancethatisbetweentheloadand

thesystemsource.

Distortedcurrent afterwardscausesdistortionsinvoltage
waveform.Harmonicsareconsideredtobethemainsource

of power qualitydeterioration. Theyhaveanumber of
undesirableeffectsonthepowerdistributionsystemandon
devicesconnectedtopowerlines. Theycontributetothe
increase of losses in the distribution grid, affect the
operationof electronic equipment, theycanalsocause
failureoperationofelectronicdevicesandbethereasonof

acousticnoisefrommotorsandothermachines, aswell as

withreducingthemotorsefficiency.
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2.4, HarmonicstandardsforLEDtubes

Inthetermsofpowerqualityitisnecessarytodefinethe

levelsof harmonicdistortions. Reductionof harmonicsin
distributionsystemstorequiredlevelsismandatory. There
existsmanystandardsdefininglimitsof harmonicsvalues.
On the international conferences harmonics are being
frequently discussed, wherefore many restrictions and
standards for harmonic distortions have been created.
Devicesshouldmeet  standardsinthetermsof emission,
they cannot influence power grid to higher than

standardizedextent.

AccordingtotheStandardlECEN61000-3-2thelimitsof
harmonicincurrentforlightingequipmentwithP<25Ware

presentedinthetablel.

Anothercriteriaforlampshavinganactiveinputpowerless
thanorequal to25Wisthatthirdharmoniccurrentcannot
exceed86%valueof fundamental andthefifthharmonic

currentcannotexceed61%.

Table 1. Acceptable levels of harmonics for lighting

equipment with rated power P<25 W in IEC EN 61000-3-2

Harmonic The maximum permissible
rankk harmonic current calculated for

Watt [mA/W]

3 1,9
5 1,0
7 0,5
9 0,35
11<h<39 3,85/k

2.5. Parameters describingthedistortionof voltages
andcurrents
Measurement of power quality usually involves

characterisingfrequencycomponents(intheStandardIEC
EN61000-4-7frequenciesupto9kHz). Harmonicsanalysis
canindicateabout power quality but thereareafew
parametersconnectedwithpower qualitywhicharealso

usuallyconsideredduringanalysis.

2.5.1. Totalharmonicdistortion

Total harmonic distortion (THD) is a measurement of

harmonicdistortioninasignal.

THDistheratioofthesumoftheharmoniccomponentsof
signal summedtothespecifiedorderof harmonic, tothe
root meant squarevalueof fundamental component [3].

THDcanrefer tothedistortionof current andvoltage

waveform.Theformulais

THD =

(1)

where‘n’ intheStandardIECEN61000-4-7is40 th order
harmonic.

2.5.2. Powerfactor

Consideringnonlinearloadinthetermsof powerfactor
issueit isnecessarytoincludetheinfluenceof harmonic

distortions. There can be distinguished displacement,
distortionandtruepower factor. For currents without
harmonicdistortion, displacementpowerfactorisequal to
thetruepowerfactor,  whichistheratioof real powerto
apparentpower. WithnonlinearloadtheTHDhasavalue

different fromzero. It must betakenintoaccount while

calculatingthepowerfactor.

_ Favg
Pr= THD, 2 THD: (2)
Upsly» JH( 1005 “Jl + (o)
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There can be used some simplifications when the

fundamental activepowerhasaclosevaluetothevalueof

active power including higher harmonics components
andwhenTHDUislessthan10%, what isan

usualsituation.Inthatcaseapproximateformoftruepower

factor.
Plrn'g 1
Pf=U " ——=—= Pfaisp *Plaizz (3
1% 14 (THD[)'
v 100
Where is distortionpower factor connectedwith
harmonics insignal. It is ameasureof howmuchthe

harmonic distortions generated by the nonlinear load

decreasetheaveragepowertransferredtotheload.

Thevalueof displacementpowerfactorcanbemaximally
equaltounityanddistortionpowerfactorisalwayslessthan
onewithTHDover 0%, soit canbeconcludedthat in

nonsinusoidalsituation

Pf = Pfise (4)

2.6.  Waysofcompensatingharmonicdistortionscaused

bynonlinearloads

The compensation of harmonics is overwhelmingly
importantmatter. Harmonicsproblemareusuallyresolved
bytheuseofconventional passiveandactivefilters.  Other
solutionisthecombinationof thesetwofilters, knownas
hybridfilter.  Passivefilters relies mostlyontheuseof
inductor(exceptvalleyfilledcircuitwithadditional diodes)

capacitorsandresistors.

Theclassificationofpassivefilterscanbedonebasedonthe
usedtopology,forexampletunedfilersordampedfilters,or
thecombinationof  both. Passivefilterscanhaveshuntor
seriesconfigurationandinvariousconfigurationtheyare
usuallyusedfortheeliminationofcurrentharmonicsantthe
compensationofreactivepower.Dampedfiltersareusually

usedforthemitigationofallhigherharmonics.
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Theyareconnectedbeforetheload, inshuntorinseries.
Activefilters  usespecial electronic switchingequipment
whichgeneratesharmoniccurrentthatcancel theharmonic
currentsfromnonlinearload. Activefiltersuseamplifiers,
resistorsandcapacitorsinafeedbackloopinordertocreate

thedesiredfiltercharacter.
Overall, theperformanceof theharmoniccancellationis
achievedbyinjectingequal butoppositecurrentharmonic
componentsandreactivecurrentintopowersystematthe

pointofconnection[2].

InLEDtubesusedintheindustryaremainlyusedactive

filters.

3. Simulations

Conductedsimulations  allowedtodiscuss the issue of
emissionfromLEDtubewithbasicsupplycircuit,aswell as
theissueof  voltagedistortionsandtheimmunityof LED
tubes.

ThefirstsimulationsinMatlabSimulinkenvironmentwere
doneinordertoobservethelLEDtubeinfluenceonsupply
voltage and current. The purpose of simulations was
harmonicsanalysisof ~ LEDtubes. It hasbeendoneusing
differentquantitiesofLEDtubes,toobservetheireffecton
thepowerquality.

Current andvoltagewaveforms wereobservedandthe
comparisonoftotal harmonicdistortionslevelsindifferent
situations was done. Additionally have been done
simulationswithcommonlyusedpassivefilters, toobserve
theiroperationinmitigatingharmonics. Insimulationsthe
effects of using passive filters can be observed and

understood.

InSimulinkwerealsosimulatedvoltagedisturbancessuchas
voltagefluctuations, voltageswell anddrop, undervoltages
and overvoltages, to examine LEDtube immunity for

distortions.
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3.1 ResultsofsimulationsofemissionfromLEDtubes
Analysedcircuit, withoutpowerfactorcorrection,consisted
ofdioderectifier,smoothingcapacitorandtheLEDIload.For
analysishavebeenusedrectangularwindow,width200m:s.
Tenintervalslasting200mseachwereusedtodetermine

THDlevel.

Current [

S A O /B
Time (5]

Figure 1. Current waveforms of individual LED tube

Relative harmenic current [%]

0 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

Figure 2. Relative amplitudes of harmonic currents for

single LED tube

Currentdrawnfromthegridishighlydistorted,thuseffected

byhigher harmonics what is aresult of thenon-linear
characteristic of theload(diodebridgewithsmoothing

capacitorandLEDtube).

Fromthefigurelitcanbenotedthatthecurrentwaveform
isnotsinusoidalanditmeansthatLEDtubeinjectharmonics

intothepowersystem.

RelativeamplitudesofharmoniccurrentsofsingleLEDtube
arepresentedinthefigure2.
Inthetable2arepresentedresults of simulationwith

differentquantitiesofLEDtubes.

ltcanbeconcludedthatLEDtubeisthesourceofharmonics
inthegridcurrent.Consequently,voltageinthegridisbeing
distorted.WiththeincreaseinthequantityofthesamelLED
tubes uptofifteenLEDtubes was observedsignificant
increaseinTHDUandTHDI levels. FromtwentyLEDtubes
theTHDIstartedtodecrease.

It canbenoticedthat thedecreaseof  theload’scurrent
distortionwasaccompaniedbytheincreaseinthevoltage

distortions.

Thedistortedvoltagecanaffecttheoperationofotherloads,
insimulatedcase-theoperationofotherLEDtubes.Addition
of otherloadsledtotheincreaseof THDUandtosome

quantityofloads,theincreaseoftheTHDI.

Table2. Harmonic contents for LED tubes

Quantity of LED THDI THDI THDU THDU
tubes with stable with stable
transient state [%] transient state [%]

83,8 46,38
7834 5412 11,31 7,17
79,15 63,36 1659 12,51
77,08 64,66 19,79 15,54
76,68 5589 2590 17,98
62,17 51,46 2464 20,86
38.67 31.99 2647 21,56
100 3345 2861 2411 1518

3rd 5th 7th gth 11th
[%] [%] [%] [%] [%]

31,06 18,87 12,05 13,99 15,18
31,97 36,96 22,91 2,57 2,37
53,46 33,72 0,87 2,19 2,13
61,81 18,70 1,81 2,16 1,09
54,76 10,34 3,87 0,85 1,31
50,81 6,92 3,89 1,20 1,05
30.50 6,45 2.33 1,12 1,07
28.14 4.91 1.40 0.82 0.50
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Currentinloadsincreasedwhatisanundesirableeffect.The

consideredreasonfor  thisphenomenaisthat for higher
frequenciestheinputcapacitorhasaverysmallimpedance,
soconsequentlythevalueofcurrentincreases.
Accordingtotheresultsof simulationsit isobviousthat
circuitswithoutanyharmonicfiltersshouldnotbeusedin
thelightingindustryduetothehighinfluenceofnon-linear

loadonthepowerquality.
3.2. Resultsofsimulationwithvariouspassivefilters

Inthesimulationenvironmentweredesignedfilters: single
tuned, double tuned, high pass and C-type. During
calculations of filter parameters werechosenexemplary

qualityfactors.

Thecomparisonbetweenthreesimulatedpassivefiltersis

showninthetable3.

Table 3. Results of the mitigation of 3 " and 5" harmonic

and THD improvement for simulated filters

12,21 7,25 2,97
1325 S48 169
7,09 5,27 3,10
a8 370 168

Thebestperformancewithmitigationharmonicdistortions

wasobservedwithC-typefilterandsubsequentlywithhigh-

passfilter.

Only the result on decreasing loworder harmonic

componentswascompared,sotheoverall conclusionabout
passivefilterbasedonthisoneconditionishardtobedrawn
andthechoiceofthefilterwiththebestperformancecannot

bemade.

Omittingaspectssuchascostofelementsandpowerlosses

simplifiesthecomparisonbetweensimulatedfilters.
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It canbeconcludedthat eachsimulatedfilter  ledtothe
decreaseof THDI andTHDUwhatwasthepurposeof the
simulations. Themitigationeffect = dependsonthechosen

parametersoffilterelements.

3.3.  Resultsoftestsforimmunity

During simulations of suppling LEDtapewithdistorted
voltage with visible fluctuations it was observed that

rectifiedvoltageandconsequentlycurrentfluctuates.

Thesimulatedrelativechangesinthesupplyvoltagedidnot
exceed10%. Inthevoltagesupplyhavebeenobservedlow
frequency interharmonics and subharmonics which are
knowntobethereasonoffluctuationsandchangesofthe
amplitudeintheLEDtubecurrentandconsequentlychanges
inthebrightnessof lamp. Thisincreaseinthemagnitude
occurringwithfrequencyabout 20Hz, maybevisiblefor
humaneye. Theresponseof LEDtubewithbasicsupply
circuits for voltage swells, drops, undervoltages and
overvoltageswasasitwasexpected. Withtheincreasein
voltage,thecurrentincreasedwhatintherealitycouldlead
tothechangeofbrightnessoflamporevendamageofLED
tube. Effectofdecreasingthevoltagewasthedecreasein

LEDtubecurrent.

4. Laboratorymeasurements

Laboratory measurements andfurther calculations have
beendoneinordertoexamineLEDlampsinfluenceonthe

utility.

Measurementswheredonewithdifferentequipmentwhich
allowedtocomparedifferentwaysofmeasuringtheimpact
whichhavedevicesonthegrid.

Tests wereconductedonthreeLEDtubes fromvarious
manufacturers, madeinthesimilar technology: Lampl,

Lamp2andLamp3.
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Furthermeasurementsweredoneondifferentcombinations
of LEDlampstoobservetheresultsof connectingvarious
LEDtubesinvariousquantitiesonpowerquality.Thestation
tomeasureharmonicemissionhadappropriatelychosen

elements, whichallowedtomeasureharmonicsupto40 th

order.

4.1. Results of measurements with various supply

voltage

ThefirstmeasurementswithRIGOLoscilloscopeweredone
indifferentsupplyconditions. LEDtubesweresuppliedby
100V,150V,200Vand230V.ForthreeLEDtubesobtained

resultsweresimilar.

Withtheincreaseof  thesupplyvoltage, thedistortionsin
currentdecreased.For200Vand230Vthecurrentharmonic
distortionwerethesmallestandthedistortionpowerfactor
wasclosetstounity.

Voltageharmonics obtainedthehighest magnitudes for
inputvoltage200Vandabove. ForLamplanLamp3LED
tubesthehighestmagnitudeshadthe5 ™ andthe7 " voltage

harmonics.

For LamplandLamp2LEDtubetheactivepower was
constant for all situations, however Lamp3 LEDtube
achievedratedpowerwithratedvoltagesupply.Withlower

voltageactivepower  was lower andthebrightness  was

visiblyless.

Resultsofmeasurementswith230Vhasbeenanalysedin
relationwithstandards.InratedconditionsthevoltageTHD
wasthehighestforall LEDtubes, howeverthelevelswere
acceptable,theyreachedmorethan2%.
TocompareLEDtubes influenceonpower quality, the
resultsofmeasurementswith230Vinputvoltagehavebeen

compared.

Table 4. Comparison between LED tubes

I Y T
19,27 10,46 16,52
2,28 2,13 2,01

06

0,819 0,820 0,820
0,982 0,995 0,987
18,71 19,07 18,68
9,09 7,52 8,36

Total harmonic distortions frommeasured devices are

showninthefigure3.

W THDI
ETHDU

Lamp 2 Lamp 1 Lamp 3

20.00
18.00
16.00
14.00
12.00
10.00

6.00 | I
2.00
0.00 . .

8.00
4.00

Total harmonic distortion [%)

Figure 3. Comparison between three measured LED tubes
supplied by 230 V

EachLEDtubedidnot exceedthestandardizedlevelsof
harmonic currents. Working inratedconditions devices
obtainednearlyratedpower. Powerfactorsareabove0,8
whatisagoodresultandisreceiveddueactivepowerfilters
beinginternalpartsofLEDtubespowersupplies.
TheworstparametersgottheLamp2LEDtube, however
theyarestill appropriateandhavesatisfactorylevels. This
devicehadalsothehighestdifferencebetweentruepower
factor anddisplacement power factor, duetothelowest
distortion power factor connected with harmonic

components.Thenon-fundamentalapparentpowerwasalso

thehighestanditconstituted39,8%ofapparentpower.
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Thenon-fundamental power flowshouldbeas lowas
possible.MeetingthestandardsallmeasuredLEDtubescan
beinstalledandusedwithoutexcessiveconsiderationabout

influenceonthepowerquality.

4.2. ResultsofmeasurementswithdifferentLEDtubes

combinations

Table 5. Combinations of LED tubes taken under studies

CombinationA SLamp2LEDtubes
4Llamp2LEDtubes+LamplLEDtube
CombinationC 4Lamp2LEDtubes+Lamp3LEDtube

3Lamp2LEDtubes+Lamp1LEDtube+

CombinationD

Lamp3LEDtube

3Lamp2LEDIUbes

CombinationF Lamp2LEDtubes+Lamp3LEDtube+Lamp
1LEDtube

230+2%voltageandthe

Thelevel

of input voltagewas
frequencywasmaintainedonthelevelof50+0,5%Hz.
Inthetable6arepresentedresultsof measurementsand
calculations for LED tubes combinations with Rigol

Oscilloscope.

Table 6. Distortions from different LED tubes combinations

1,36 20,32 101,48
n 1,70 18,69 106,51
1,70 19,85 101,84
n 1,70 18,16 101,84
— 2,04 19,34 60,09
2,11 16,39 59,73

Total harmonicdistortionsfromdifferentcombinationsare

comparedinthefigure4.
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Figure 4. THD for different LED tubes combinations

Firstfourcombinationsconsistedof5LEDtubesconnected
inparallel. Themagnitudeofdrawncurrenthasrespectively
increased. ItwasobservedthatwithlargerquantityofLED
tubesthedistortionsincurrentincrease. AlthoughthisLED
tubesaremadewiththesametechnologyanduseequal

powersupplycomponents, thedistortionshavechanged. It
isduetothefactthatthepowersupplycomponentshave

theuncertaintiesduringtheoperationandtheycanwork

withslightlydifferent  frequencies, whatresultsinasmall
increaseinharmoniccomponents.  THDUforfiveLEDtubes

incombinationAwassmallerthanforoneLEDtube(2,27%).

ItwasobservedthatconnectingotherLEDtubeswithLamp2

LEDtubewhichinfluences gridthemost, decreases the

levelsofharmonicdistortions. ~ Withsmall quantitiesofLED
tubesitisbettertoconnectdifferentLEDtubestoreduce
theharmonicdistortions.  Influenceonpowergridforeach
combinationisacceptableduetoactivefilterswhichare

partsofeverymeasuredLEDtube.

Anotherobservedresultwasthatincombinationofvarious
LEDtubeswithchangingsomeLEDtubesforanother,made
withsimilartechnology,thevoltagedistortionmaintainsthe

same.

Measuredcombinationsof ~ 3LEDtubesarecharacterized

withhighervoltagedistortionsthan5LEDtube.
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Itisconnectedwithtransformerscharacteristic-withlower
loadthevoltageismoredistorted.ltcanbesupposedthat
withhigherquantitiesofLEDtubes, thevoltageTHDwould

increase.

4.3. Comparison of results obtained with different

meters

TheuseofuniversalmeasuringdeviceUMG96Swasinorder
tocomparedifferentwaysofmeasuringpowerquality.The
accuracyofoscilloscopeusedinpreviousmeasurementsis
+5%and  Janitza measuring device connected with a
computer toanalysepower qualityallowedtomeasure

emissionwithmaximum

Measurements donewithlanitzameasuringdeviceand
furtheranalysisinprogramGridVisgaveanaccurateresults
ofLEDlampsinfluenceonthegrid.ltwasobservedthattotal
harmonic distortions measuredwithUMG96Sarehigher
thanmeasuredandcalculatedwiththeoscilloscope.Janitza
deviceisappropriatetomeasuretheharmoniccomponents
upto2kHzwithloweruncertaintyandallowstostudyLED
lampsinfluenceonpowerqualityinamoreaccurateway.
Thebigdifferences wereobservedwithinpower factor
measurements, especially indisplacement power factor.
MeasurementswithUMG96SindicatethatLEDtubeshave
almost purelyresistivecharacterduetothedisplacement
power factor close to 1. Results obtained with Rigol
Oscilloscopeshowthatdisplacementpowerfactoriscloseto
0,8.Itcanbeduetothesimplificationsincalculationwhich
mayhaveledtosignificantdifferencesintruepowerfactor
measurement withtwodevices, howeverresultsobtained

with Janitza meter are more reliable and should be

understoodastruevalues.

Thedifferences betweenpower factor ledtonoticeable
differencesinthereactivepowermeasurement. Itcanbe
concluded, thatUMG96Sindicateshigherinfluenceof LED
tubesonpowerquality,butontheothersideshowsbetter
qualityofLEDtubesduetothehigheractivepowerandtrue

powerfactor.

Inthetable7arepresentedtheresultsof measurements

withLEDtubescombinations,donewithJANITZAdevice.

Table 7. Parameters of LED tubes combinations obtained

with UMG96S

THDU THDI
Combination % % P [W

2,27 21,13 99,87

2,40 18,70 98,92
2,42 20,35 97,90
2,38 18,75 98,76
2,45 21,00 59,23

2,55 18,10 58,92

Figure5showsthecomparisonbetweenresultsobtained

withtwousedmeters.
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Figure 5. Comparison between levels of THD for various

combinations of LED tubes tested with different equipment

TestofvariousLEDtubecombinationswithUMG96Sleadto
similarconclusionsastheresultsofthemeasurementswith

theoscilloscope.

Thelevelsof THDUandTHDI  werehigherthanmeasured
withoscilloscope(thesamewasobservedfortheindividual
lamps), however the same conclusions connectedwith
harmonicemissionbydifferenttubescombinationsaswith

previousmeasurementscanbedrawn.
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4.4, LEDtubesresponsesforvoltagefluctuations

ThebehaviourofLEDtubesduringvoltageoscillationshas
been observedandtheelectric parameters havebeen
measuredinorder  toobservethechangesinLEDtubes

operationduringvoltagedisturbances.

Theconceptofproducingvoltagefluctuationswasbasedon
therelaywhichconnectedanddisconnectedtheresistance
onthesecondaryoftransformer,withappropriatelychosen

frequency,toproducevoltagedrop.

Flickeroccurringwithfollowingfrequencieswastested:0.5
Hz,1Hz,2.5Hz,3.5Hz,5Hz,6Hz,8.8Hz,10Hz,12Hz,15Hz,
18Hz, 20Hz. Withchangingtheresistanceontheprimary
siteofthetransformer,thelevel ofvoltagefluctuationswas
changed.

Withlower resistanceonthe primary sitethevoltage
changesduringprocessofconnectinganddisconnectingthe
secondresistorwereless, themaximumvoltagedropwas
4%.Withhigherresistanceontheinput,thevoltagechanges
werehigher,theyreached7%.Withlessinputresistancewas

observedlowerflickerintheLEDtube.

LEDtuberesponseforvoltagefluctuationswasvisibleasa
flicker. Theresultsof  test canbeonlydiscusseddueto

individual observationof changes inlampbrightness.  To
measureflickerindicatorsisdemandedspecial equipment
which measures directly short and long termflicker

indicators.

Theresultsof  testsweresimilarforthreeLEDtubes. The
mostvisibleflickerhasbeenobservedforfrequency15Hz.
Withincreasingtheresistanceontheprimary,theflickerwas
morevisibleanditstartedtobeverydisturbingwiththe
frequency3.5Hz.Withlowerinputresistance, theflickerwas
loweranditstartedtobeverydisturbingwiththefrequency

5Hz.
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LEDtubesarelikelytoproducevisibleflickerbecauseofthe
notimmediatereactionofpowersupplyforvoltagechanges.
SwitchedmodepowersupplykeepsconstantcurrentinLED
tubes, butitneedsveryshorttimetoadjusttochangesin
voltage.Duringthisshortperiodoftime,thecurrentinLED
tubeisslightlychangingwhatleadtothevisiblechangesin

thebrightnessoflamp.

5. Conclusions

ThepurposeoftheprojectwastoanalyseLEDtubesimpact
onthepowergridaswell asunderstandtheproblemof

powerqualityandwaysofitsimprovement.

TheissueofemissionfromLEDlampswasstudiesandthe
topic of LEDtubes immunity was raised. Theissueof
harmonicsemissionisnowadaysverysignificantintheterms

ofpowerquality.

LEDtubes  tested in the laboratory met all required
standards. Harmonicsemissiondidnot exceedacceptable

levels.

LEDtubesinfluencevoltageandcurrentinthegriddueto
theirnonlinearity, howeverthisimpactisbeingcontrolled

withtheuseofmitigationtechniques.

ModernLEDtubedwitchswitchedmodepower supply
consistofactivefilterwhichisanintegralpartofthesupply.

The filter efficiently lowers harmonics emission and
distortionscausedbyLEDtubes.
Considerations takeninthesimulationpart ledtothe
conclusionthat LEDlamps suppliedwithcircuits  without
harmonicsfiltersinfluencetheutilitytothehighextent.
Harmonic distortions producedby LEDtubes canhave
negativeeffectonotherdevicesconnectedtothegridand

for that reasontheemissionmust bemaintainedbelow

certainlevels.
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ToobtainsatisfactoryresultsofLEDtubesinfluenceonthe
power gridinthe simulation, the passive filters were
simulated. Theuseof passivefiltersledtothesignificant

improvementofpowerquality.

LaboratorymeasurementsshowedthatLEDtubesinfluence
onthepowergridisdependedonthetechnologyinwhich
deviceisproduced.

Eachof testedlampshadasimilarpowersupply, however
differences in the components led to differences in
harmonics emission. The power quality was anoverall

subjectofstudieswithtwodifferentmeters.

The use of various measuring equipment allowed to
compare obtained results and draw more accurate
conclusions about emissionfromdevices andabout LED

tubesparameters.LEDtubesproduceharmonicdistortions.

Thehighfrequencyradiationfromswitchedpowersupply
hasbeenalsochecked, howevertheemissionfromdevices
infrequenciesover2kHzshouldbefurthertestedinfuture

measurements.

ThebehaviourofLEDtubesindisturbedconditionshasbeen

testedandit  wasobservedthat  LEDtubes arelikelyto

flicker.

Changes in the voltage led to visible changes in the
brightnessof lamps, despitetheuseof constant current
powersupply. Fluctuationsinvoltagewereproducedonlyto
observeandcomparetheLEDtubesresponse,whichwasthe

samewithalltestedtubes.

LargerquantitiesofLEDtubeshavebeentestedanditwas
observedthattheirinfluenceonthepowergridwasquite

similartotheinfluenceofindividualLEDtubes.

Differencesinmeasurementresultsweredependedonthe

quantity of connecteddevices andthemanufacturersof

devices, however noneof thetestedcombinations did
exceedstandardlevels. Thisisalsoduetotheactivefilters

whichefficientlymitigateharmonics.

ThestudyofLEDtubesimpactonthepowergridledtothe
understandingofpowerqualityissuesandtheimportanceof

undesirabledistortionsmitigation.

LEDtubesusedintheindustryshouldbeproperlydesigned

andtestedinthetermsofharmonicemission.

Devicestestedintheprojectinfluencevoltageandcurrentin
thegrid,howevertotheadmissibleextent.
Tofullyconfirmtheimpact of devicesontheutility, the
largeramountsofLEDtubesshouldbetested,howeverthis
couldbeasubjectofanotherproject,consideringtheissue

oflargeamountsofdevicesimpactonthepowerquality.
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