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Abstract

This research proposes technical performance evaluation and economic decence
for the combination of harmonic correction devices in Industry. Currently, an electronic
device is popularly applied in power network. Although, it is a higher performance
device than the existing device, it still causes the power quality issues and then network
failure. Especially, harmonic disturbance in the network, it is a harmonic source that
generates harmonic current into the network. Many types and solutions are available in
the present time, therefore the suitable and optimal financial solution must be
considered. A network model for the analysis of harmonic correction devices, suitable
solutions and optimal financial has been established in the simulation software that
bases on the power and Break Even Point (BEP) equations. The results of analysis shown
that the performance of harmonic correction devices, suitable solution and BEP of
investment in match to the using of a detuned filter bank and an active harmonic filter

(case 8), thus these information will be valued for the end-user.
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4. drduresensuediniiviimsiinneigiinsandiduvesesueiniiduavd TaeiFuan
Sl 3 uednduil 19 iWeliaenadestudormusuesnsli

5. WIguguUseanaam wazUssiliuainumsngaunan1uifIngsulsenauaiy A1
Usgnaumdalnil uaznissumusnsuelin LasnIenWATEEANERS 2HTNAUTUIINAYE
Usznouidslaihluszuusininnast lunsudledymenduetinlussuuiegunsaiuuusedyaiu
grsuefinuuuliugueduienviaiu warqu nulufsunsalufulssdanaesueiinuuueniin

6. Tumsiianeiingrhmsadauuusiaesiululusunsunoufinnesdniagy iteldlunis
Uszanana 3ulUiinisuaninaveinsinseiluguuuuresmnsnelaya wasnsmidy
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1.5 Uszlevifianndnlésu

1. lnsuimansenuvasnssuniuensueiniifideszuulniimas

2. fauianudnladsseansamlunisunlelgymensuelinvesgunsalusuussdaa
gnsuelinulineing o wavanunsaulieuisunaaudiverunniuTulssdguesuetinuiassiinle

3. annsadentdaunsaluuuedynaesueiinylinsing o Tdaumangauniemniunig
Jennssu waensuassgenans Tumsudlatgmensueinfidatulussuulwilisdsls

0. lFuvuiaesiiadedululusunsunoufinnosdniagy Ssanusadludsegndldly
n3AnNE 52ud9n19ATITINansEnUTeInIssuniugnsueiinlussuulninmas wagldlu
wuamslumsanuiiteldenldgunsaluivssdaynueniueinliiaumuzanfunisudly
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2.1 unin

Tuund 2 sedinefinusiaznanisenas waveddefiiertosdeuszneude iom
fravun 6 daushetuie nanseny waskuamensudledymenduefinlussuulniisids qunsel
UFulgedyaaiansuetiniuudingesdgu waggu aunsalySulsdyaaesueiiniuuieniin
nsdiAnwszuUIniAaswes IEEE 97uau 13 Tum (EEE 13 Node Test Feeder) MeiiAsnzii
Faasugmanidwiunmsamulunuimnsaliih Tefineauden  veutewndad

2.2 wansznunaskuInwibulymiansuatinluszuulniinigs

(Jyad 2539, lwewy 2554) s1suetin Ae druusenauvesdyyins vieUsuusieaule o
fanuinnnianudyagiuvesssuuiudiuiuniau lasensuefinderfuusngmsainasinu
AnugUTisddlaihsuuuunis figndleglutsingnsaimeduarafiafisuossuadudyyio
sUnAudnyanvesensuedinauiuansluisui 2.1

(n) ()

=p.

su

v

2.1 sUnaudyIveansuatina1iume «
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LYY

ngUAGUAY e suelinfiandluzuil 2.1 (n) WesimdAudya N L agIuwa?

[Ag7]
'

=

g iguadudygyrunanudyagiuianuraisuluainiay wavaiuiaieourssgy

o
¥

ﬂﬁuﬁmmﬂm%%ua&gﬁ’uﬂ%mmmaﬂaﬁuaﬁﬂﬁﬁiusswmﬂﬁﬁq gﬂﬂﬁu Fuanaiifian
ﬁmLﬁaué’mﬁaqmmﬂmiiumum%uaﬁﬂmm'ﬁﬂﬁmﬁmﬂé’amgﬂﬁ 2.1 (@) uvasniingnsuetin
Tusguuludindads Ao guasallwiiviauludnwueilidudadusndegindu Taanad
Sianvseind ainddunieidmany dssuuemavindunesines uazgunsaluiuniania
seuvasawmes [Wuduy gﬂﬂﬁuﬁmmwmmaaqﬂﬂim‘iﬂ/\lﬂw Fvanludnvasild Sudaduiinnsan

lomunuansguin 2.2

JUN 2.2 sUrdudaavesaunsalliuanusiseunames

Y d' o A 1 & a v & 1 Y a 3 a Y 1
anuazvessUmdudyaanliidudadull xnelifanseuassueiinluaiingssuulin

a =

1 v liiAnusadussuedndulussuulnidds lnsussdussueiniifind uasyinlv
wsstulwihiigadesuvesszuuiAnaufiadiisuressUadudyyia vlfAnniseedives
nszua uazuseussuednludsgunsailuiihiisiosinegnieluszuulifinids dawalmAnids
ayde anufanaislunisiaiuvesgunsallulih wieiinaudsmstufugunsalludly
szuvenfIogaty minaandeulunisvhnuvesgunsaitleafussuulniiigs inieadnsna
Ll wazargdnilnininanudougs nsszidavesyadiivuszqlugunsalusulsamdn
Usznoudslii uenanduansenuainnissumueniueinlussuulnihiiddienadema
nsgnusielafiosgUivesszuU i dsdnse
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UM 2.3 nansenuvesansueiniinduivaunsallussuulniinmgs

wwImsdmsunmsudlatgymensueiintutagiuiivinunevainvasds wu n1sussendld
gunsniuuUTsdyn e fueinuuulfuguaduifenlasduuneenldaesuila Ao fansesdigu
wazdanseIgu sauluianisuszenddnetgunsaidiannsedndidunldlunisyaivenssud
s1ueiniingszuuliiniduiedrisanusununszuassueinifieglussuuisonitgunsal
YSuupsdyauesustinuuuieniin lassadsvesgunsalusuliedyniuesuetinutngis o
muiuandugui 2.4

sUN 2.4 gunsaluTulsedaaaueniuetnlussuulnihmas
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2.3 gunsaluFulgsdyaruensuaiinuuudingasngu (Detuned Filter)

2.3.1 w3 uaznquiiieades

(EC Standard 61642 - 1997, lagee 2554, Dugan 2002) gunsalusulssdayanensuetin
WUUFINTesU (Detuned Filter) Aogunsaiildlundlatiymislouuud (Resonance) Tussuuluivih
fds Fefiodnduisnsniuszanssuilumsuilatymldluszdunds wazmnfiansanluids
wswgaansaznuindaldaglunisasuii esaingunsniuiul ssdaanasdueinuuudi
nesRguldiiesiasumuliihinssuaady (Reacton) deaynsuiudaiuyszniii (Capacitor)
ufiazynLay (Step)‘17{agﬂuqﬂﬂ'ﬁﬁﬂ%’uﬂqﬂﬂ'ﬁﬁ?ﬂﬁzﬂauﬁﬁﬁqlﬁl\lﬁ’] (Power Factor Correction
Device) mufiuansluguil 2.5

5UN 2.5 gunsaluTuunadaauensuetiniuuiinsenguy

9N3UA 2.5 axnuitgunsaling 9 Mduduuszneunelugunsaluuussdyanu snduein
wuumnsesRguiidnwaradeiuiuaUnsalusulssrduseneumdslui nnusemsiiiesusas
fnsiiuddumuliinnssuaadudesunsudlusudufvd seglwilifievinligunsaiufuuse
Aszneumdalniianmnsovheuldluanngifinssumusiueinlussuulifindds deya
Desiufentugunaaiuuusdynuesuedn uwusnsosiquiideielud
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23.1.1 wihiimsinuvesgunsaluuugsdyanaesueinuuuiinsesiqu agiintifing
Rl iuiugunsaiusulsermdlsenaumatiiinndsenis Wesziinnuaiuise
Tunsldausvszuuliinddaifinnssuniuesueinldflusedunis wihiivesgunsaiuulgs
é’fgapmm%uaﬁﬂLLUU&T’;ﬂﬁaﬁgummsaaqﬂlﬁﬁaﬁ

1. aseidslniifiunau (Reactive Power Compensation) Tfuszuulniiids
ileUfuussAdUszneufdslnih (Power Factor) Tuszuuliliininds anfdsgade (Power
Loss) MAnTuluszuy ifiunnuannsolumsiislvanvessiouvasluih sulufsnisanausy
nmsliihiioradiatunmsiluszuuiienduseneumdslifidndunms

2. vandensiiausingnisalislonuuduuuaun (Avoidance  of The  Parallel
Resonance) Aifstiuamsnuuiaivusglihdndssuulnisidenuiioussuedn fadu
annaiiliiAnnisveefvouseiu uaznszuasiuedn dwmaliinanundemesogunsal
LLamaﬁmgﬂﬁmawzwlﬂﬁwﬁﬁq

3. ansyiuAULlELYB IS T U SLR TN (Reducing Harmonic Voltage Disturbance)

yeresanluszuulniingids (Common Coupling Point ; CCP) Ingn1snsesensziagnsuaiin
luddungenitgausuguensuefinuisdiusenainssuuliiimawninlindadiuniulii
nazuaasuudUdsuguilundanuauiousenty

2.3.1.2 dwlsznauvesgunisaluiuladyarueniuelinuuuiinsesriguaziigunel
19 9 Msznovegnielundefuiugunsalusulgsmduszneuidslalimnusenng usasdl
nsifinsadumliinssuaaduseeynsuuduivUszlwimudildnanluudthesiu Tae
TayavesdiuUsznaung o lugunsaluFulsedygnesuetinuuudinsenyu iseaziden
il

1. é’hLﬁuﬂﬁzaﬂw%Lﬁuéauﬂ33ﬂauﬁugmﬁuaqqﬂﬂiﬂiﬂ%’wqaé’zgzgm g15uatiniuy
fnsesfiqudsnisazdeiinsfnuiegsasidoadmiunsoonuuuiiielvidauvaizay uas
Uaeasglunslinu 1wy Adaussiulwihvesiuivussglwiiviosiisdmaveauseiulwiidinn
asoudaiumulriinssuaadusilisafuussgluitldsuusauluingsdu uasnssualdh
THuvesiafudszqliindesinazuszneusenssualiinldnuiianuiyagiu (Fundamental)
waznszuasfueinudnluszuuiilvaingifulssaliilunsdiilussuuiinszuas fuedn
9N
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JUN 2.6 fafiudseqlniiuseduei

2. sgumuliihnssuassududiudsenevddginliiianisdou wuasween
ANEUTIN (Impedance) Tuszuy F99x92181aNA891TLAALT IS LUUTLUUTLIUNALDNE1TUD
finszning wloudaslilil wagdfiudszqlnil lneazdregaiivensaimiusiiusugegalussuy
INANUA ViseaRuansueintesrdAyunegluinaud vieaduansuelinnliivvesdAgy
wara3199aLsLERUUGOYNTUTUINTILYIBNTOINTTLA SURTNAIUNTI09NINTIUY Nl
osddrumulniinszuaadu wazvosaraudruTnluszuundnissefaaiuniuluii

[ v v & a 2 a a
nszuaaauaynsuiufmnuUsElnihaunsaiatsanlamunuanagun 2.7 uay 2.8

JUN 2.7 dsnumulnihnssuaadu
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UM 2.8 Anudnunusluszuulninmgs

ilesannszualdauvessdunulwihnszuaaduaruszneusenszualndirfinuiya
$1u uaznszuasiueiin n1seenuuuisiosdddmavesgaumgiiiiinduannslénu uasds
Fosannsanusonszuadmssiintunuiinssua uazussduluihannnsdadeisasdndae
dw¥usmnui N avilen (inductive Reactance) agfosiiannnminfesas 5 vasriaml
FunmuvesifiuUszy i Geazilidumisuuguansuetin egnaainanud 250 seuseundi
wnnirfearduresauiiyag videsnsuednd iy 5 Jadusnsueindifuiisfigaiifiaisan
wazsadunliinnszuaaduilflugunsalufuussdyanuensuednuuuinsosiquamifioaiu
wdiiumisiuguansuednfissdduiioavidy Wesmnmngauiuquiygueiueinlugh
nsasRuusnzyaiinuLanaafiuagylmAansussinanansuetinliwiiu wagiliinan1y
TnamAututy daumulniiinssuaadudaladamild
3. gUnTiRARe995 (Switching Device) inwihiidinsenasusiazynedosues fnsosiqu
ieraeidalniindundy vilvadusznoufdsliinlussuulaihidaduluaaidesnis
Tnehluudgunsalildlunsdederasvesg Unsalusudgsdaaaensuedinuuudansosiqu Ao
AoumAmeiiluria AC6b Geaziunain Damping Lileannszuansdinannsinsensas
waznsldaunsaldidnnsedindindadanan lnsawes (Thyrister) 3o wa@en3 (Silicon Control
Rectifier ; SCR) Iuﬂﬂié’]’mGimwse?}wzlaiﬁﬂﬁtﬁmizLLa‘vjqLﬁmmmzﬁﬁwmiﬁmﬁmq% wazdAINy
Llumsnailvandisinnsuasuulasednsniild Inggunsaifasolsasdnanamisafiansan
Iemaiuanaguil 2.9
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5UN 2.9 gUnsalfinse99s

9

4. gUn3alilaafunn58A2993 (Short - Circuit Protective Device) ¥iwthitdasfunisdn
N'iﬁmﬁ]Lﬁﬂﬁuﬁua'ﬂﬂiaimsﬂuaﬂﬂiﬂiﬂ%’wNé’mmmm%uaﬁmwu@hmaqﬁw Tneluudn
aUmmﬂ%‘lumwmmama Ao Fd (ngh Ruptunng Capacity Fuse ; HRC Fuse) kazgunsalsin
Meau2935 (Circuit Breaker) maﬂﬂmmaaquummLmﬂmmummm WaEANUAINNTALUNNT
91U dnweuzuesing LLaUE;UﬂsmmmamwsmmsawmimlﬂmwLLamqiugﬂJw 2.10

5U# 2.10 gunsallasiunmsdnieas

v A a Y

2.3.2 UIABNLNYIUD4

lwees @.U.4) nssuarsusenaumdslwidrlidussuulndridstinnuswduasnads

o w =

Winsantdunisaamidsaadsluszuulndnnids wazidunislandsaulndalussuuludq T

afal
Juldegiiuszavssunasan lnensiiuasivsznauidalnihannsarildlaenisinaagasy

Wiudsgglihliiuszuu winnlussuulnihmddnsenddwih il dudadunasianseuass
a o & v [y v @ Y & v o 3 a
welineanuninduavdesnauasygadiiulseglninlmdugunsalusul edyaaensueiniuy

AINTBIAUY
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[ s

nsairsgunsaluulssdyiaesueinuuudinsesiguaiunsavinlalanely
ffumunsziaaduieeynsufudLiuUszaliih Fefdununssuaaduazyimiidunszia
grsueiinlillinszuas sueiinlvadigiufvuseqluih fdugunsalufuusednginesuei
nuuuiInsesiquislailsvimiiinsesnszuassuein uiviimihivaweindsidundulsiu
szuuliihiilefiuadnyszneuidsluinduieifudu yadufvdszalii iesudagyinli
gunsalasnsnvaeidaliidundulviussuulilihifinnssuniusiuedald dwmsunns
ponuuuUnIaiuTuUTd M suelinuuudinsesfguareenwuulnlddmsunaunselasnsue
fndduf 5wty Feasisenuilumsusuguiynn egi 189 - 200 soudeiu MsUszyndld
gunsaluTulssdtyauesueiin quéhﬂsaﬂﬁgummsaﬁmimmﬂLLUUR?W@@«?\"J@EJN@]’M@W%

1000 kVA, 12kV/416V
Impedance (Z) 6.5 %
Pc 13.5 kW

UM 2.11 szuulnihmasinegs

szuulisndshednsdvsnaauuududadu uarlidudadu Wouandfiduimanes
nshnssgunsniusuU sy uesuednuuuinsesiqu aldmmuansdinely 2 nadid
1. Wnsemslwihudufifalnededdyaduivussaliih vieyadansesiqu sovun 9 4o
Feagldnanuiuanslugui 2.12 uay 2.13
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JUN 2.12 nszuasnsuelindeseduiulszgluii 9 gndes

3UN 2.13 nszuassueiinilesainsesiyu 9 yndey

2. Tanzarsemalniuuulidugadu ngldyadiiuuseglni vieyainsesdigu

Vianun 3 90 Beaglananmuiiuanslugui 2.14 wag 2.15
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Ui

Fil

2.14 nszuaansueiindiarasaiulszgliin 3 yages

o 3 A A 0w a 1
n 2.15 ﬂigLLa?ﬂiN@‘UﬂLN@W@W?ﬂi@Q@Qu 3 Sqﬂ‘EJ'EJEJ
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MnuamsIeTzimsivavesnseiasnsueidn annsoasunaldsed

1. 903Ul 2.12 Weldypdifuuszqliihdman 9 ades dergszuunuinasiin
slwuudnuvruuiuiieniueindduil 7 wasiiansvenenseuasnsuedindgiaufuusgq i
LiszAUYeInTzLanfifueavesyadufivuszgliihdsegluinasiieoniuldniuinsgiu
EC60831-1 Gfioinannsaltauldudenaiinansenusoeignisldiuvesiaiuussluiiili
orgmslfeuduag

2. 903U 2.13 leldypinnsesiquinuiu 9 yades fdnununseuaaduanansndin
nszuaensuednlsilyasinuinivusyqlninlveglussduiisensuls Ganszuaensiduieaesynsi
nseauUUAguiAiiBs 1.007 Wi vesnszuaiauiyagIuyafInseaLuURgu lradanges
Luufquannsaieuiiovaeidsliliiifiundu wazuiudssAfdszneuiidalniinle
AsUN

3. 913U 2.14 Weldypdafuuszqliinduiu 3 yades wazluszuuiifiesnisens
Il dudaduvindy dedeyadufvuszgluiudhszuunuiasinslouuduuuouuiui
g1suednd il 11 uazfinnisvenonszuasnsuednlvariigiuivysegluihgannaindiuan
Tugufl 2.14 wudnszuaenfibueavosniauiuuseglaiignueneduia 4.362 wh vesnszuai
mnudyaguaduAvyszglni feiuAvuszgliinaziAnanudemeriuiidesainnszuald
Nuiuiin waganaibidunulsgalnihniglugunsaiviuuerdvseneumaalniinenaia
sudaduld lnsanvaiisnanisvenenseuaeniusiiniiugeludrumiananmsissuulifinnge
mdiuuuBaduuiomiadisanmaenssuaesuetnanas

4. 9ngUdi 2.15 leldypdnsesiiquinu 3 yages fdnunmunszuaaduanansndin
nszuaensuednlsilyasinuiAvuseqlninlveglussduiisensuls danszuaensiduiearesynsi
nseuUUAguiiAfies 1.018 i vesnszuaTiauyagIuyafinsesluUAgu vilviyafanses
Luufquatsnsaiuiievaeidlniiiifiundu wazuiudssdiuszneuidalniile
AsUN

&

2.4 gunsaluiuusedygyrniansuaiinuuuiinsasgu (Tuned Filter)

2.4.1 w3 waznguifiieites

(EC Standard 61642 - 1997, lygee 2554, Dugan 2002) gunsalusulssdayanensuetin
LUUFNTDs9U (Tuned Filter) 1Wugunsalildlunsosnszuasiuednluszuuliiinmgs Ssiedn
Hudsnsiifseansguiilunsuflatigmldlussdunils Bnviadsassameiaaluiidundy
Tfuszuuliihfds waeilassadiiidoidesnngunsaivfuussdyguefueinuuuiinges
uatldidissiadumuliihnssuaadudeeunsudiiu - duiiudselnivililgenldanelunig
amuldunn usegnelsnfgunsaiviuuedygmesuednuuuiingesquaraIisnnToINIsud
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A o o

grsuednldiissdsuiioniadu mnlussuuiiendueiniifidesydrduunnnimisddiv uas
Fonldgunsniuudsadyyraerfueinuuuiingesgu Aazdowhnmsfadafinsesgunaisd
Snian1smuaNIzFosiinisonnikuunsiarelsaTvesiansesuusazdfuliaenndosiy
wanMINIELAMNTILAIY ndnmsdarelsasvesinnsesquiigniesie foseguaduiidiniy
dgsruuudalatulumanduiigandt sasiefunisuanisasiesanguidugeaaluszuuld
asnminsesguaiuiSesdduacn fewmisenadutiatendaiilralddglunmaudly
{Jfgméha?%iﬁ%’wﬂizmmqﬁu anvazvesgunIaluTuUTsdy e suetin LLuugumuﬁ'LLam

Tugui 2.16

JUT 2.16 gunsaiUSuUTsdya e suetiniuuiingesqu

N3UN 2.16 awnuIgunsalineg Mdudnussneunelugunsaivsuusdayamensueilin
wuuNsesuasildnuauaneiuiugunsaluSulTed g uesueiniuuaiInTowm UL e
aunsnlusulssdyauensueinuuudinsesguazhifinsudsyadinsendugndos 9 wnilow

gunsaluFuUssdygaesueinuuudiinsesdyu esnaunsaiuiulsednyamensusiinuuu

¥

fnthfnisiinugufelfuivgunsalufuussadilsenaumadlniy wag

4

Aanseegulils
gunsalusuuTedya e suetindinsesiuudgu Yeyailasiuneaivgunsaiusuledyayiu

A7}

L3 a b a @ 1 da’
gnsusfinuuuminsesauiineweliil

Y
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2.4.1.1 wihvimsvinuresunsaidiuusdyauesuelinuuuiinsedqu asiintnnnis
Musnesdugunsalsulgeatdausenauiidalnin wazaunsalusuuedygrueisuein
AINTOUUATU Faanunsaasulacail

1. nypenszuaansueiln (Filtering Harmonic Current) muanauiiniviua wiseenuuuld
gnsiteg 1y gunsaluTuU Ty e sueinuuuAINgesquawiun 5 Jgnseenseuasnsuetin
o v A < [ ) & v o s a Y o o A [
a1aun 5 Wuran MnidugunTaildiuusd U snauntuusInTeguaInun 7 N9gnTos
nszwagsuednadun 7 1undn lneuszandsuiilunisnsesnszuassuedinvesdiansesay
Tuegiuaussaurvessiinsesilneanuuull

2. gapiaslindiunadu (Compensation of Reactive Power) Tiiuszuulniiniigs
ibiadauszneumasiiiilussuulihind gy usegelsifigunsalusuugsdaauensuein

Y 1 = LY 1w o v < v =

wuusiansesguarlignesnuuunieldlunsusuussaiuseneuiasluiidundn Weswin
aunsaivsuUedyauensueinuuudinsesguazgnesnwuulugadinseswnlngiiynges
9 aeluidios 1 vise 2 yawindy 3dliwmangdumsinsiednsidn wageenmuA1fIUTEney
maslndinlussuuninisasuuuas aaanian

[

2.4.1.2 diutsenauvesnunniuiuled
Musznevegnrglundeiuiuaunsalusuuse uNnUsenIs

1 IS

= J = a 1 1 (= 3 1 L4
LWSQLLW%%NTUW@%i%@ﬂ?WNWﬂ LLagliJiJﬂ’]iLLUﬂﬁﬂGnﬂiBQﬂWEJi‘LJL‘U‘L!‘q%EJ@EJ 9 LVill’eJ‘lJQ“LJﬂiﬂJ

14815 UBTNUUUAINTBIUT

&
dyauesuednuuuAInged

zllgunsnlsing 9
g

v Y

[ |

UFulsedyraeniuelinuuudinsesdiyuy  Ingdeyavesdiuysenausing q lugunsalusulse
doyaaueniuatinuuuiingesqu fswazBeaded

1. Fufudssgliidudmusznouiugiuvesgunsaiusulsadyuensuednuuy
fnsesquiansazdesinisinuisdisazidendmiunisesnuuuiileliiianumanzay uaz
Uaensglunslianu 1wy fidaussiulwihvesiuivussglwihviosiisdmaveauseiulwiidinn
asouiafunuliinssuaaduisilifufuyssgluinlatuussiulniigedu arwanunsalu
mssunszuarjatiesnnniinsesquilvunslvguassinsdadelsesaziAnnssuaadlusesu
figannn uagnszualuinlinuvesgunsninsziinsesguazgnesnuuulvinseanszuasuedn
Fevilsiyasansesazdesiunszuasnueindfuiifiansan vieeenuuuliluseduiige uazndu
szezaIUAaeAnafifnTesfignieitiiusruvey dnvarvesiuiulszqlulihildly

gunsaluTuUTsdy e sueinuuuimnsasquaunanslugun 2.17
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JUN 2.17 drufuussgliiusediuem

v YV a o

2. fdumulrlihnszuaadududiudsznaudrdgivihlnds slonuuduuveynsudu

senIednAvUsggliiln wazdduniuliiinssuaadu Fasunus islguuuduuvoynsy

' [ ¥
=

Aonad193ull azdumnvinliminnisnssansewaarsuainludiduinnansaun nseeanwuuld

Y
v v Y

ANWULVDIFIAUNUINTINNTELEAFAU KaTA1999ANNANUSIY TussuuNTn1ssasa1un1ulni
nszuaaduaynsuiudmLivUszglniaunsafinnsantamuiuandugui 2.18 waz 2.19

JUT 2.18 dasnunuliihnssuaady
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5UN 2.19 WIgULTguAUAMUNIUTINYDITEUUNIRINTBIAU Lavqu

ilesnnnszualdauvesiaiunulniinssuaaduazdssnousenseudlniiniiaaud
wagu wagnszuassuednluuiinadigann n1sesnuuuisiosiiiimavesgungififisiy
Ml uagdsiosaunsonuenssuadnisasiiintunuinszus wazussduluihainns
Ansia935aneIe Ineunduadsuniuliinssiaadudniugunsaiusuleduauensuain
wuusnsesguazdesiigunsailiestunszuaiumemszidunulwihnszuaaduilonadiaz
AanszualdnuAuiidaldsudonnannszuasiueiniifiuniunssuaaduivanainssuy
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3000 kVA, 33kV/440V
Impedance (Z) 6.0 %
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ARSI NG NSTUNITIATIZN
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fipiadl
1. AneusuvunsiuUseg il

X = (Vc)2 (3.1)
()
2. nszualdauiimnudyagiu
[Vin |
le = [\@] (3.2)
c~ W .
3. e
e = sint [AJ (3.3)
[V31[Venllc]
AAuAL
Q@ = winvesgunsahdumdsliihaundu dvedu 13 (VAr)
Ve = difaussuvesaunsal uhedu Taasi (Volt)
Ve, = dinewssiuldalussuuidunsedua Sudeadu Tan (Volt)
e = nesudldnuiimnsiyagiuvesgunsel e ueuwd$ (Ampere)
X = menudumnunsiiudseglnih dwedu e (Ohm, Q)

b =  yuwlavesgunsal ey samnialiia (Ce)
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5UN 3.2 gunsalufuunadaauensuetiniuuiinsenguy
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AsEmeNlddmsunTInT e
1. A1ANAIUNIUNISAUY Sz LN

2
Xeor = M (3.4)

(Qcom)

[

Jpadl

2. ANAUAIUNIUNNTERE TN

2
(Veon)
XL R = —(%XL(DF)) (3.5)
(Qcom)
3. funamsuTuudyauensuedn
= | (100) (3.6)
(%X om))
4. ANAINUANUNILYDIFIA I UNIUNTISITE T T s waadU
(XL(DF))(hDF)
R on = e 2E) (3.7)

(Q- Factor)
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5. nszsaldauianudyagny

[Von

R
IoF = - - (3.8)
\/(RL(DF)) +(XLom - Xcon)
6. 1L
O = sin'l[ [Qccon ] J (3.9)
[V311Ven1llor ]

AAUALA

Qen = Wnvesgunsalluidsiidiundu dvdiedu 13 (VAD

Vor = Afausaiuvosgunsal dvedu Taav (Volt)

Ve, = Anaussuldnulussuudunseduma Swedu Taan (Volt)

loe = nsvudlfeniiaidyaguesgunsal fveidu wosuus (Ampere)

Xc o) = A unIUNIsNUUsER LN Sudaedu Teviu (Ohm, Q)

XL om = Apud Tt Suedu Teviu (Ohm, Q)

Ron = AaudumTe i ununswisi lninssuaadu Sudedy
Tt (Ohm, Q)

%X, o) = ﬂ'Wﬂmmé’mﬁmmuﬂﬁmﬁlmﬁwmﬂ;ﬁgwﬁm fAviniusesazIoI AR

Aunsiiulszguasinuuszglni taevialuiien 5.67, 6, 7 uay 14 dmsunisiasiziiden
5.67 \fieansyuufiinnsanssuvaiuaauna wiasiidassueinlugunsalusuannusd
JOUTBIBLADS KABLIUNITANAIIULNEUYRINTELANIYARDI I

Opr yuwlavesgunsal dmhedu asmmvnslih (Ce)

hop = AN sUSuudyIeniuetin muNInsgIu IEC Standard 61642 :
1997 dunidlunisusudyaaazieseginminaisuelinanuniansanlininitsesas 10 ves
ANUANgNTHRTNA ALY 9

Q-Factor = AUsEnauAnIUN laenalulAviiu 60

3.2.3 wuudnaewesgunsaluiuusedayuesuetinuuuiinsesqu

gunIaluFuUssdy e suelinuuuiinsesqu Tdiuusenauaaiendeiuaunsalsulse
Tryaaussuetinuuuimnsosigu usazliinsuusgngunsalnielueeniluyngess dnvaznis
ponuvuazeaniuuLdugalugifisanils vieassyauiiudenigunsnl Snvmsvesgunsal
muiuandlusuil 3.3
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ANNNINNBSNLTEINTUNITIATIE VLRI
1. AneusuvunMsiuUseg il

Xer = —(VC (TF))Z
(Qcqm)

2. Aaudumunseath
_ (Vean)’

Xy r = —(%XL(TF))
(@)

3. funamsuTuudyauensuedn
(100)
(%X )
4. pPNEUMUYRISg U UM I nssLaasy

(XL(TF))(hTF )
(Q- Factor)

Pre =

R (=

5. nszsaldaunianudyagy

[Ven
3]

\/(RL(TF))2+ (Xeqm - Xem)

6. duLE
. Qe |

6o = sint [C(TF)

i [[\/g][vph]“ﬂ:]]

I
TF 2

(3.10)

(3.11)

(3.12)

(3.13)

(3.14)

(3.15)
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AAuAL

Qep =  Wnvssgunsalluidsiidiundu dvdiedu 13 (VAD

Ve = fifpusaiuvesgunsal dviaedu Laav (Volt)

Ve = Anauseuldanulussuudunssiumia dudedu Taas (Volt)
le = ﬂisLLﬁiﬁﬁawuﬁmmﬁlyjagmsuaqqﬂﬂmi fivaodu weuuls (Ampere)
Xear = AausumunsiuUszeliil dndaedu Tesku (Ohm, Q)
Xiam = Aaud Tt Swedu Teviu Ohm, Q)

Rm = AAUETuIUTe UL snte i ninsyuaady 3

ey Tovin (Ohm, Q)
%X, (1r) = ApnuaumunuMsvilenihangnda daviniuiesazues

a1

ArAuEIUNISAUUIEgUesianulseglnih Tnevinluazlian 43 dwsugunal

o 6

USuussdaynaesaelinuuuinniequanun 5 uae 218 dmiugunsaluSulsdanaiensuetiniuuda

NTBQUAWUN 7 dmsUinerinusiaziiansanguaniu 5 uay 7 vy essnasuetiniiide
granfny uazluTinagsluseuvasiiansuelinddun 5 uay 7

yuwlavesgunsal dmhedu esmvnslih (Ce)

brr
hre
1997 dunmidlumsuiudyanuazdeseginsannedueindduiiasanliiuiesas 10 ves
miesueiingduiiy

A7}

AN sUSuUdIensuelin muNInsgIu IEC Standard 61642 :

Q- Factor = Ausenaunmgun tnevialufidwindu 50

3.2.4 wuimewerunsaiuiulidaaesueliniuuloaiin
gunsalsuldygrassuednuuurendin ugunsalfildnannisvesnissaanssua
g1suedndgszuulniidninissuniuesuedn lngnseuasiiuelinfivaseiuaziivuin
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NAA FLAULTIAUY
s18n15Uaya kVA kW KVAr High side | Low side (kV)
(kV)
nalawlaslni 500 - - 4.16 0.48
Asemalai - 160 110 - 0.48

wielvideyainuasandesiuszuuliilulssmalvnedadnisusudsudeyaressesiy

wsssuildludszmalne Tnefiarsanldemnsfimesanssuuvesnisivlindiuging uaziilel
wuuinassvessruulwiiiidsdinuaenadesiussuuildnustimelulsanugaaivns sy
Jedinsusufiufdavesgunsnl wazarsensliinluszuy mszazdudeyafitnvosgunsal
waznszmaliihilddmunnsinuazgnuiuasuly  Tnsannsafiansanldnaiuandy
AN51A 3.2

M13199 3.2 Jayaiiinvesaunsal uazasemalnihnlddmsunisAinm

Y

NAA FEAULTIAU
s18n15Uaya kVA kW KVAr High side | Low side (kV)
(kV)
ysekUadiniin 2,500 - - 22 0.4
nsensiniln - 1,100 870 - 0.4

Pnfitavesszmsliiifiuandunisnsd 3.2 awnsathunadrsuusiassatsznalii
Tuszuulnesuunduaessdnldaed

1. szl iifdnvasdudedu dvuelidunewesliiinssuaaduauin 550
Alatnd uaziamiuseneufdlieg 0.35

2. gl fdnvarlidudadu Faduwasiuiesiueindmun Widugunsal
Usummuisiseusewmesliinszuaadurunn 560 Aladnd uazdimiiuszneuidslninegd 0.70
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msgnalihndidnuazludadu nsgnaliihndidnvaslddudady
JUN 3.6 Mszmsliihluwuudnaesvessyuulihimgs

3.2.6 FonsdmsunsUssdiu visemTlnsidaasugenans

BNstuNTIATIET nieUsellunnuAsygmansdmsunsamuilegieiunaieds
dmfunumadmiAmnssuiisnsiitesldogily 4 Fdetuded

1. yarUaqdugnd (Net Present Value ; NPV)

2. oasmanaulnun gty (Internal Rate of Return ; IRR)

3. IAIA1AUNY (Payback Period ; PB)

4. ﬁ;ﬂﬁuwu (Break Even Point ; BEP)

dmiuitmsiidenldlunsussdiumasnuasssmanivesinerinusie n1siaTging
wiuuiemndeyaiifivsanianuaesadoniiludomestalsslovifazliiudadimadedo
Ausuanmstiifiansnsaanld msamudsseneudedunuesiiie Avdadetaasisaunsel
Ausslumsingts nagou wazdreliidngaunsal dunuiuudsie Samnenideananidumsii
wazAdeasuiivesgunsailuagsinlinanisssduduluogaduszanssuil uonaind
A8N153ATIBINIIAANN AN TLERAING N1TAATIER viTeUseliulraglugunuuvaens v
uldt Fevilanansmideyalulivsznoumsneauna welfiludeyadniunsdndulaamu
16 wazdefdnusznmamiwesnsiinngimgadunufe fasuannsafiunaiilsndsaing
lAsansEugaAunulULas

dmiuIsmsUsuidiu visemsieseniaasugenans londnnisiessinigasuyuluns
UisL:ﬁuwamiamuamﬁgﬂqﬂﬂizﬁﬂ%’wqa@mgﬂﬁﬁwé’ﬂv\lﬂﬂ Fauszneusig gunsaluFuUTeAdn
Usgnaudalnil uazgunsaivfuussdaanaueduednlussuulwiiiidaifinissuniueniuedn
Tnefitladeiiinainssd wieussduddl

1. sudszanailddmiunmsamulunsindegunsal

2. Shsmendedudonnaniunsiu dwsunmisasuruanItunsRuY

3. Andeuasuiivesgunsal

a. Aufuanmstiinsdilussuuiidndsznouidslwiidiindinoet Wunaysglomid
IesuannAldareiuiiannsaanld

5. ASyariiy w fisne
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1nYaFedenanaunsadiundaeiiieniyaduudviunisamululasinising

gunsaluTulRansURMaslilussuuliihmdminissuniuansuetnlanuiuansluaunis
d'
7 3.16

(F)
BEP= (3.16)
(P-v)
Al
£ o LY = 1 [ =

BEP = ANNUAIUNITAINU Wviedy U
Fooo=  ulssanailddmsunisasulunisfinnsgunsel Suidaedu um

! U = 4 = ! a = 1 &
p = AUsuanMsiniianansaanld sunsyariy iy um

& o = ! = a ¢ a ' [

v = AONLUYAULYD TINALEDNETUNVRIgUNTAl InWIBLTU Um

waNINUNITHARINANTIAT IR Ransean ey lugUvemnsmidumuiuanslugun 3.7
WelvianinsaihdeyalUldlunsdaueiieyseneunisdnduladmiunmsamula

;Y

UM 3.7 n51miNam AT e ignAuyLvedlasIng

99 q

£%

adusEnauveInTMlugun 3.7 awnsaesunelansil

1. umsedhidu (Total Revenue ; TR) o TeyaavauvasuaUszloniluusasd flazldsy
PaA TLATIMINABATHTEEL TR

2. Wumsaduas (Total Cost ; TC) Ao Yoyaarauvesaildneilddmiunsamu Tuusasl
Usgnausnediuyunail uazsunuiuuls

3. WuUsyd (Fixed Cost ; FC) fe deyavesarltareduiiiusuyunad

4. uUszAdonmy (Total Variable Cost ; TVC) fie feyavesalidwaraudiudidusunu
ASRULYS
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5. iidunssdinbu (TR) wagduns (TO) Fadu Aeqgndumuvedlasenis

6. Vihausnduns fie szoznanilaseinsdsnsunamuey

7. Wnaiiusandiden e ssovnamidannaaduyuduiisiianansavindilsle

Tegtuuunmauansuavesteyainaniazgnuanduunil 4 nsdiAnw wagnslies ey 3
wuansliiiudstoyafildanmsuszifiunanisveaey viensilasgimesiuiasugamansves
nsfnuluusiaznsl
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4.1 umin

unil 4 nsdifnwuagnsinseiliinauedeyavesgunsniuiuussnmuniniidaluiily
seuulniidsdeUsznoudae gunsaluiulssAfdsznauiidaliin uazgunsaiuiuuse
Fynraeniuein nsdl@nuildlunisiesginiednuimngsy wasduasesaans dmu
gunsalUuUssdymeniuednluszuuliiiiddsly 10 nsdddeu Sansddnuidte 10 4
mmam‘imuﬂgﬂLL‘UUGU@@miam@iu’qqﬂﬂiaiﬂ%’uﬂqaﬁagfgwm%uaﬁﬂL‘T;Ju 3 SULUUAINIIUIU
pUnsnifiRndatgszuy Tnefisuuuuded

sULuUTnds fndsgunsaifuussandiusznouidsliii viegunsalusulgedym
g1sueiiningszuuiisamisgunsaiseoniansdifinu

sUuUUTiaes AnagunsniuiusadaUsznauidsliii wazgunsaiusuusedyaa
grsueiiniingsruuduuassgunsairendansdifin

sULuUTiann Radagunsaiusulsandausznoudslidi uasgunsaiusudsadyn
s1sueiinidngsruuduuamgunsalsenilansdlfnw

dmsunmsiiesghasfinsanavesnisinngunsidigssuulaihdsddinssunau
gsuadiniemnadnuimnesy wasduasugaans neiulmnssuasiansunnssuasfuein
figunsalufuauisaseunomeslufiinszuaadu Faduundsdnianszuassueinluszuy
nszuasiueiiniigadetaulussuulniiiings nszuasfueiniigunsniuduusaadauszney
fdaluliln uaznsruassueiinfigunsaluiuussdygrnenfuedn uluisarfusenay
dslnihvasszuy maduasegmansasiieseigadunudmiunisamulunisinsegunsal
wiazviiniingszuudeazuanszoznailtlunsiunuvesusagnsdl laedadeildlunsfiansan
Usenaude Alddelumsindagunsal adiesanimuesgunsal senidedude venuaditudiu
vesfunulunisamu waznisanardiuanmsliiiiiesanssuudaddsznoudidaldiagi
NNt wagn® a e Fadudiuvesalslenifldfuanmsasmu

4.2 auaulRvesgunIaluTuugIaunInialwiia
4.2.1 gunsaluFuuseiiusznaumasinih
1. yaduAudszqlulin Capacitor Bank) Wugunsalifiviwihilaweings Tndhiundu
drgszuvliiiidufieufuugsafusznoumidalnilussuulvididgetu Tnosedudii
Uszneuiddluinmnzauluszuulnihidshlude 0.95 dwds
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4.2.2 gunsniuuusesdyrauensuetin
1. 4nfNsaauUuAgu (Detuned Filter Bank) iugunsalfivimiifivaeridsluindy
nduigszuulwihidaiteuuugsnfiusenouidsini lussuulifidgedu uwiagiinanm
wandAnsfuyasuivUszglwihassiannsoldeuiuszvulniimdsiinnssuniuesueinld
uazannsansesnszuasitoinesnansyuulilusziuvils
2. ¥AFNTOIUUUYU (Tuned Filter Bank) 1uguUnsalfiviwmihiinsesnszuassuetine
on91nseuy Tnen1snsesnssuasinedniuasiuegfuniseanuuuaiaudiunIure i
fumulniinszuaaduiiiesynsufuduivuszqliin Falaeunfndryaiinsesuuugu 1 49
wannsnnsesnszuaesuelinldifissdduiioinu vnfinssua s1suedinvanedduiifesns
nsoszdesindyafansosuuIuiiy uonniinges wuuguitansnsosaedsiniihi
nduLilUFuugarfusznaumasliile uredralsfnisesnuuuasdesiiafemiszney
fdslwiinluszuuse edesfuliliiAansvaweidslifidunduiiunudosnisvosseuy
IINNITHDYAFINTDILUUIULINGTEUY
3. fnsesensuedinuuuuendin (Active Harmonic Filter) (Jugunsalitimihfivaive
nszuaensuediningszuuiiieanUiinanszuassueiinlussuuliiirnanas Inonszuasniueing
Pedndsrunasiyuimansstuiufunszuassuoinlussuy venniiinseserueinuuy
woaiindaamnsanuaulvvaemdslniidundulussuy wazufuusadesnuaynaes
wsssulwiiluszuuld usganunsavae wazuiuusslaldalogunsalanmnsvawenszuass
WelNRININANNADINITVRITEUULA?

a a ~ A a ° ¢ ’N
135199 4.1 uJiEJUwlauﬂizawﬁmwiumsmmmaqa;dﬂsmLLmazﬁnum

Uszansnmlunisvinau C-Bank | Detuned | Tuned Active
nsvawsemaaliidungu Gk Gk Gk #in
ANuENNsa L unelassuuNi ;

. - gan | Uminang GR GR
nssUNIUEsueiin
n1snseenTELaaniueiin (Usuw) - #in ADUTN9g 6N
nsnsesnsEuaaitain (AseuAay) - #in Urunany G
YUY Laila 5] 5] I
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4.3 NIUANYIAINTUNITIATISINNAIUIANTIN UASATULATEFANENS
Wolvianunsadne wagdiasienuszansamlunisviteuvesgunsalusuusenmnin
masifusiazailn n1599usNAuegUnIal SIUNINITUTLIUNANIIAULATYTAENTIalA

o w

[J =

AMuuAnsAnEIdnsSUNIsnaaauszuU i lukuuIaalIndl

M990 4.2 nsalAnwdmsumTiezinsunlatlymmssumuensuetintussuulniinigs

sURUUNSARGIgUNTal Foululunisuiuuss
- NSIUNIUBITUD o o o
\ . o YUAUD _ AdUsEnauUmadbuliin
PUIURUNTU | NIAUANTEN . un
aunsal

: IEEE519 - 2014 st ludseinalne
1 I o
1 1 C <89%TDD > 0.85 A 1Mas
2 ¥ o
1 2 DF < 8% TDD > 0.85 1ds
3 ') )
1 3 TF <8%TDD > 0.85 & mds
q £% @
1 a AHF <89%TDD > 0.85 1A
5 5 C+DF <8%TDD > 0.85 1A
p 6 C+TF < 8% TDD > 0.85 1ds
) 7 C+AHF < 8% TDD > 0.85 &1ds
) 8 DF+AHF <8%TDD’ > 0.85 41aT
3 9 C+DF+TF < 8% TDD > 0.85 1A
3 10 | C+DF+AHF <8%TDD > 0.85 41%a4

'c= Capacitor Bank

4AHF = Active Harmonic Filter

2DF = Detuned Filter Bank

TF3 = Tuned Filter Bank

>TDD = Total Demand Distortion (THD; on CCP)

v aa

4.3.1 mageunegunIaiuTulTsriUszneumasinindng ssuulwihidandnissuniu

g15uain

sz ulilifivihnsiesziuszneuiie sawesininssuaadu aunsalusuanuiiseu
woweslwihnseuaadu wazgUnsalusulssAdusenaumasiniln muiuandlugui 4.1




A 4.1 szuuliinidednsunsalAnei 1

1(1)3501.75A THDi 23.25 % 1(1)1933.04A THDI816.62 %
20
10 I 10
0 | -

123456 78 910111213 141516 17 18 19 123 456 7 8 910111213141516 17 1819

Harmonic order Harmonic order

Harmonic current (%)
P NE
58838

Harmonic current (%)
rUuONOWO
88333888

—_— -

flouRnfagUnsal vaaRafagUnal

UM 4.2 sUedudyyns wazgaUnasuvenseuannsiesiy
Tuszuulihmasdwiunsalfnud 1
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1(1)1178.27 A THDi 69.98 % 1(1)1178.27 A THDi 69.98 %
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3

fouRnafagunsal vaaRnfagunTel

sUN 4.3 sUnaudya s uazarnaiuvenseuangunsal
USupnusiseunewesdmsunsaiinui 1

I(1)2092.9 A THDi 743.88 %
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uaiildannsnaaeuszuuliinddsdmiunsdil 1 wdmnfndteynsaiufuuss A
Usznoumdslwihmuitgunsaling q lussuvesiinanevaussternuiioussuein wnnmeiy
Tneanunsofnsgmednuimnssuldsed

1. nssualiihiigasesiulussuulnihmdianuiiburenssuadiugsisiesas 816.62
yosrnnszuamudesnsluszuuimuiagiu dadlmganitseiuiimmualiniumnsgiu 49
Tu IEEES19 - 2014 fvuaAaaniisuaudesnissuiisosas 8

2. nswualiihigunsaivsuamusiseusomeslrfinssuaadulienuiouvesnssuanuiy
Farou LLau‘ViéJﬂmiaﬂg?ﬂBUﬂiiﬁ

3. ﬂiuLLal‘WﬂW]'mJﬂimﬂi‘uﬂiqmmﬂimaumaql%lﬁmmmstJuﬁumﬂiuLLaagj Jeuay

ISP !

743.88 SU’EJ\‘]F’Y]ﬂiZLLﬁISUQWUVIﬂ’NﬂJﬂyjaiﬁu wazdlonsngiu I”T% Wiy 7.51 GZNiJF"I’]’szﬂ’J’]
C

11755110 Bslu IEC Standard 60831-1 - 2014 fvualsidiuUszqliiniivsznevainedu

dyﬂl ISP 1
AINNIATZIUUADINDATIEIUY rms laitlounan 1.3

C

GNYMERERS AUHUAUYRTUIANT
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4 (AHF) 8% (TOD) | 7.27 (P)' 085 | 048(\/P)° | 0.51 (NP | 2851,401.41 | 11263139 | 211 273
5 (C+DF) 8% (TDD) | 36.74 (N/P)6 0.85 0.48 (N/P)6 0.86 (P)7 1,066,441.38 | 1,007,343.35 0.8 0.9
) 6 (C+TF) 8% (TDD) 15.94 (N/P)6 0.85 0.48 (N/P)6 0.85 (P)7 2,161,749.37 991,068.24 1.8 2.1
7 (C+AHF) 8% (TDD) | 24.91 (N/P)6 0.85 0.48 (N/P)6 0.86 (P)7 2,865,910.27 999,951.49 23 2.9
8 (DF+AHF) 8% (TDD) 555 (P)7 0.85 0.48 (N/P)6 0.87 (P)7 3,223,382.57 996,777.57 2.6 3.4
5 9 (C+DF+TF) 8% (TDD) 19.08 (N/P)6 0.85 0.48 (N/P)6 0.86 (P)7 1,899,880.09 | 1,006,792.52 1.5 1.8
10 (C+DF+AHF)| 8% (TDD) 13.08 (N/P)6 0.85 0.48 (N/P)6 0.87 (P)7 3,153,599.42 998,346.98 2.6 3.3

Mdauiteusnsueiingiuvenseua (THD) adesuiluszuu Faliduhfuranuiisuaudesnissau (T0D) lumsusziiy

? Yadeiithanussdulssnoude aldiedmsunmsintegunsal aldanedmiunsiias wasnagou

> Yadeiithanussdulszneudae ausuanmslain (@dusenousdsliiindininine) fanusoanld mByaduiu Shnendedude
uazAdoNanmyesgUnsal

* gy (aulaglilddudennantunstiu)

? gy (amulngriududoninanidumsi)

® (N/P) Not pass = laluinausi  '(P) Pass = Hntineusl °C = Capacitor Bank

’DF = Detuned Filter Bank "“TF = Tuned Filter Bank ~ ''AHF = Active Harmonic Filter Bank
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Abstract

This paper present harmonic impact on the reactive power
compensated equipment in power system. The content consist of
harmonic definition, origin of harmonic and effect of on the reactive
power compensated cquipment installation in power system  with
harmonic distortion that gencrated the resonance phenomenon. The
resonance phenomenon is generated by matching impedance between
capacitive reactance of capacitor and inductive reactance of inductor at
harmenic frequency. Tt linked to amplify harmonic voltage and current
and made damage on capacitors in the reactive power compensated

cqui The installed reactor on can be avoid the

resonance phenomenon in power system with harmonic distortion,
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Parallel Resonance Impact on Power Factor
Improvement in Power System
with Harmonic Distortion
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Abstract—This paper mentions parallel resonance impact on
power factor improvement in power system with harmonic
distortion and correction. This paper illustrates effect of parallel
resonance phenomenon to harmonic voltage and harmonic current
amplification in power system by illustrated a case study for power
factor improvement in power system with harmonic distortion and a
case study for correction of harmonic voltage and harmonic current
amplification when corrected power factor of power system with
harmonic distortion. A power system model is established with
MATLAB/Simulink. A non-liner load, which is a harmonic current
source, is a direct current variable speed drive (DC drive). This
paper mentions a direct current variable speed drive (DC drive)
because it is the most type of motor speed control and it has a low
power factor, resulting in a need for power factor correction, The
mitigation of harmonic voltage and harmonic current amplification
on capacitors when parallel resonance generated in power system
is connection of series reactors (the detuned filter) to capacitors
in a power factor correction device because this solution is
cheaper and easier than other solutions.

Keywords— Parallel Resonance, Harmonic Distortion

I INTRODUCTION

Tn the currently, The variable speed drive (VSD), the variable
frequency drive (VFD) or the variable voltage and variable
frequency drive (VVFD) can be a significant percentage of
plant in many industrial facilities. They commonly used in the
rubber, paper, plastic, oil, chemical and metal industries, etc.
There are many industrial facilities used the variable speed
drive (VSD) for decreased their power energy using. The
variable speed drive can be classified as per type of the
electricity such as alternating current and direct current. This
paper will be mentioned to the direct current variable speed
drive (DC drive) because these drives are still the most type of
motor speed control for applications requiring very fine
control over wide ranges with high torque and the important
reason, DC drive is required power factor correction because
phasing back of SCRs result in relatively poor power factor,
especially when the motor is at reduced speeds [1]. As the
above reason, consideration for the harmonic effect form DC
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drive operation and power factor correction of DC drive can
be illustrated parallel resonance phenomenon impact on power
factor improvement in power system with harmonic distortion.
An example voltage and current waveform of a DC drive load
as shown in Fig.1.

Voltage waveform

T T T T T T T

1 Time

Amplitude

vy 1 Time

>
4

n PR " P T (S L

Current waveform

I'ig. 1. An example voltage and current waveform of a DC drive

As shown in Fig.1, a current waveform is lagging from a
voltage waveform, therefore power factor correction is
important requirement of a DC drive but a current waveform
in Fig.l is distorted from the sinusoidal power factor
correction by used capacitors may be linked to generate
parallel resonance phenomenon in power system. Parallel
resonance is a phenomenon of matching impedance between
capacitive reactance of capacitors and inductive reactance of a
transformer at harmonic frequency. While parallel resonance
is generated in power system, there is high harmonic voltage
amplification on a point of common coupling (PCC) and high
harmonic current amplification on capacitors. High harmonic
voltage amplification in a point of common coupling (PCC) is
linked to harmonic current amplification on other loads in
power system and affect to reliability of power system. High
harmonic current on capacitor can be reduced the life time of

978-1-4799-8641-5/15/$31.00 ©2015 IEEE



capacitors and linked to partial discharge and flash over on
capacitors [3]. Parallel resonance phenomenon in power
system with harmonic distortion can be considered in a
diagram as shown in Fig.2.

High Harmonic

The Utilities "} Voliage

Feeder

Harmonic
Current

Non-Liner Load

N
Capacitor Bank

I'ig. 2. Parallel resonance phenomenon in power system

1I. PARALLCL RESONANCE CORRECTION

Parallel resonance phenomenon in power system as shown in
Fig.2 can be comected by connection of series reactors with
capacitors that used to improved power factor in power system
and series reactors can be partially filtered harmonic current from
a harmonic current source in power system, if series reactors are
correctly designed [2]. Solution of parallel resonance phenomenon
in power system correction can be considered in a diagram as
shown in Fig.3.

Low Harmonic
Voliage Amplication

The Utilities
Feeder

Harmonic
Current

i |Non-Liner Load
]

harmonic current ¥

—~

Capacitor Bank

Fig. 3. Solution of Parallel resonance phenomenon in power system

Series reactors will be moved a point of maximum impedance
amplification of power system from the significant harmonic
order to the non-significant harmonic order. This phenomenon
is decreased the risk of Harmonic voltage amplification on

111

point of common coupling (PCC) and decreased harmonic
current amplification on capacitors. The characteristic of
impedance in power system can be considered as shown in
Fig.4.

Impedance in

— power system A point of maximum

G f{‘ﬂpﬂfﬂﬂfﬁ and reactors) l . - "
I———-; narmonic v Dltage

~— 200 ! i & amplification on PCC

& - ! I

E . Impedance in
= 100 \ power system

> fonly capacitors)

= s : :

g BT R
= 000

1 2 3 4 5 6 7 8 9 10111213 14 1516 17

Harmonic orders

Fig 4. Impedance of power system
The various harmonic voltage and harmonic current
parameters can be calculated by the equations as follow

An equation for calculation of harmonic current in each
order.

I
I—thOO (1
|

I, (%) =

An equation for calculation of total harmonic current
distortion (THD1).

hma,\
2
THD, %) — {2, @
I—XIOO
1

An equation for calculation of total harmonic voltage
distortion (THDv).

h

11X
V2
h
1 X100

THD, (%) =

An equation for calculation of harmonic current amplification
on a capacitor (without a series reactor).

Ry +jhX,

: . )
Rgp+ihXgr -3 )

Il
—
=

ch




An equation for calculation of harmonic current amplification
on a capacitor (with a series reactor).

Rgp +thST .
1 i . ~
Ry #Ry, +JhXgp + X )-J7}F

I, =1

(5)

111, CASE STUDY

A power system model for analysis of parallel resonance
phenomenon impact on power system with harmonic
distortion can be considered in a figure and a diagram as
shown in Fig.5 and Fig.6.

Power transformer Capacitor

& QOther loads

Motor

Fig. 5. A powcer sysiem model for a casc study

Power Transformer DC Variable Speed Drive
- 1000 kVA -350 kW
- 24/0.416 kV 4-l 6LV
-5%Zk il
- -41.82 % TIIDi
24 kV Feeder /
i 3¢ z
|
L3¢ 1
(M)
- =1 | Motor
Capacitor Bank Other =350 kW
- 240 kVAr Load 416KV
416 kv -3 Phase

Fig. 6. A diagram of the power system for a case study

A power system model consist of A power transformer of
1000 kVA, 24 kV primary voltage, 416 V secondary voltage,
5% impedance short circuit, frequency of 50 Hz, A direct
current variable speed drive (DC drive) of 350 kW (470 HP),
416 voltage, frequency of 50 Hz and A power factor correction
device (capacitor bank) of 240 kVAr, 416 V.

From a power system model in Fig5 and Fig. 6, parallel
resonance impact on power system with harmonic distortion
for this power system model can be calculated and analyzed
with eq.1, eq.2, eq.3 and eq.4. The results of calculation and
analysis for this power system model can be considered in
table 1, Fig.7 and Fig.8.

112

TABLE L. THE RESULT OF POWER SYSTEM MODEL
(WITHOLT SERIES REACTORS)

Hisiisdie Giiieat Harmonic current
Order S amplification on
of DC drive 2
capacitors (%)
3 0.00 0.00
5 32.86 13.64
7 2037 47.63
9 0.00 0.00
11 13.35 16.52
13 12.17 11.64
15 0.00 0.00

This table illustrates harmonic current of each order for a
direct current variable speed drive (DC drive) in the second
column of the table and harmonic current amplification of
each order on capacitors in the third column of the table.

===1h ===1Ih¢

e : 4 O 0 [ - e 1% n

Time (ms.)
Fig. 7. Current waveforms of a DC drive and capacitors

Harmonic current (A)

This a figure illustrates current waveforms of a direct current
variable speed drive (DC drive) and capacitors. Both of current
waveforms distort from sinusoidal because of harmonic voltage
and current amplification with parallel resonance phenomenon
in power system.

S0
Larmenic Current of Capacitor

48 Harmonic Curvent of VSD

40

THDi =41.82%

I'HDic = 92.85%

L Tcerms/1.3ker = 1.05 times

Current of capacitor oul

of limit

Harmonic current (%)

3 5 7 9 1 13 15

Harmonic Order

Fig. 8. Spectrums of harmonic current for a DC drive and capacitors

This figure illustrates spectrums of harmonic current of
each order for a direct current variable speed drive in black bar
graphs and harmonic current amplification of each order on
capacitors in white bar graphs. In a white bar graph of the
seventh harmonic order, there is maximum amplification of
harmonic current on capacitors because a point of maximum



impedance amplification in power system is on the seventh
harmonic order. As the results of calculation and analysis,
power factor improvement in power system with harmonic
distortion is linked to generate parallel resonance phenomenon
in power system. This phenomenon linked to amplify
harmonic current on capacitors that can be reduced life time of
capacitors and linked to partial discharge and flash over on
capacitors.

Paralle] resonance phenomenon in the power system model
can be eliminated by connected series reactors to capacitors.
Series reactors can be designed conforming to IEC 61642 the
standard of Industrial a.c. networks affected by harmonics -
Application of filters and shunt capacitors. This standard
classifies two types of the harmonic filter. The detuned filter is a
filter with a tuning frequency more than 10% below the lowest
harmonic frequency with considerable current/voltage amplitude
[5]. The tuned filter is a filter with a tuning with differs by no
more than 10% from the frequency with is to be filtered [S].
Series reactors in this case study used the detuned filters with
reactance of 7%. A power system mode] for solution of parallel
resonance phenomenon in power system can be considered in
a figure and a diagram as shown in Fig.7 and Fig.8.

Reactor  Capacitor
Power transformer E .
|l= Other loads
‘l Motor

DC Drive

Lig. 9. The power system for solution of a case study

Power I'tansformer Rl §
- 1000 KVA Df.z\sgll':::‘)lc Speed Drive
-24/0.416 kV . Ry
_5% 7k -416 kK
- 4182 % TIDi

24 kV Feeder /
i
I

l
i
k=
= (M)
: T =7~ | Motor
Capacitor Bank Other - 350 kW
-355kVAr Load 416 kV
- 525 kV -3 Phase
- 7 % Reactance for Reactor

Fig. 10. A diagram of the power system for solution of a case study

From a power system model in Fig. 10, the solution of parallel
resonance impact on power system with harmonic distortion

113

for this power system model can be calculated and analyzed
with eq.1, eq.2, eq.3 and eq.5. The results of calculation and
analysis for this power system model can be considered in
table 2, Fig.11 and Fig.12.

TABLE II. THE RESULT OF POWER SYSTEM MODEL

(WLIH SERLES REACLORS)
Harmoni t Llarmonie current
Order L m",': CHe amplifieation on
of DC drive &
capacitors (%)
3 0.00 0.00
5 32.86 7.36
7 2037 271
9 0.00 0.00
11 13.35 175
13 1217 1.55
15 0.00 0.00

This table illustrates harmonic current of each order for a
direct current variable speed drive (DC drive) in the second
column of the table and harmonic current amplification of
cach order on capacitors with series reactors in the third
column of the table

o 2 4 s w ” 1s 18 [ 20

Time (ms.)
ig. 11. Current waveforms of a DC drive and capacitors

Harmonic current (A)

This a figure illustrates current waveforms of a direct
current variable speed drive (DC drive) and capacitors. The
current waveform of a DC drive distorts from sinusoidal as
same as the former result as shown in Fig.7 because a DC
drive in the power system is a non-linear loads but a current
waveform of capacitors are the same as sinusoidal.

[ Harmeonic Current of Capacitor
I 112 monic Current of VSD

THDi =41.82%
s THDic = 12.46%
<0 Ierms/1.3Icr = 0.77 times
Current of capacitor in
25- limit

Harmonic current (%)

o I
3 5 = 9 11 13 15

Harmonic Order

Fig. 12, Level ol harmonic current that flow to the capacitors



This figure illustrates spectrums of harmonic current of
each order for a direct current variable speed drive in black bar
graphs and harmonic current amplification of each order on
capacitors in white bar graphs. Harmonic current amplification
on capacitors is decreasing more than the former result.

IV. CONCLUSION

A direct current variable speed drive (DC drive) are the
most type of motor speed control for applications requiring
very fine control over wide ranges with high torque but
phasing back of SCRs in a direct current variable speed drive
(DC drive) result in relatively poor power factor, resulting in a
need for power factor correction.

However, power factor improvement in power system that
contains a direct current variable speed drive (DC drive) may
has a problem about power quality in power system because of
parallel resonance phenomenon. Parallel resonance phenomenon
can be influenced harmonic voltage amplification on a point of
common coupling (PCC) and harmonic current amplification on
capacitors. Harmonic voltage and harmonic current amplification
can be affected to power system reliability and linked to amplify
harmonic current on loads in power system, especially capacitors
in power factor correction device. High harmonic current can be
reduced the life time of capacitors and linked to partial
discharge and flash over on capacitors.

Harmonic voltage and harmonic current amplification on
capacitors can be eliminated by connected series reactors to
capacitors. This paper presents series reactors that are designed to
the detuned filter for mitigation of harmenic current amplification
on capacitors because this solution is cheaper and easier than
other solutions. As the result in case study, series reactors
(the detuned filter) can be decreased harmonic current
amplification on capacitors and a current waveform of capacitors
are the same as sinusoidal, especially the operated current of
capacitor (Ilrms), it has value not exceed 1.3 times of the
maximum rated current of capacitor (ler). However, Series
reactors (the detuned filter) are only partially filtered harmonic
current in power system, if there are high harmonic current of
non-linear loads in power system. The other harmonic filter such
as the tuned filter or the active filter must be installed in power
system to filter harmonic current in power system.
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