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COMPENSATION REACTIVE POWER BY CAPACITOR AND DECREATE HARMONIC
CURRENT USING HYBRIDG HARMONIC FILTER

Kornwit Piamsab

Suput Panuvat

Assoc. Prof.Chongrakg Boonseng Advisor
2005

ABSTRACT

This thesis is study and design of harmonic passive filter for industrial power
system. The main part of this project based on 2 parts. The first part justity to examine of
harmonic passive filter design that can refer to IEEE journal used ETAP program. The
second part duplicate harmonic source by using 12-pulse converter and analysis spectrum
harmonic current and harmonic voltage.This analysis use ETAP program and take the

result to compare with resuit from ETAP program.
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DFi=HFi=THD, = al—l-x 100% (2.8)
1
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5. arauar1flusind (Power Order)

dreuanilading Aa 5ﬂiﬁﬁ1u°llaﬂﬂ1'mﬁmﬂuﬁﬂﬁLLﬂ:ﬂ’ﬂ&lﬁﬂﬁﬂﬂﬂﬂ 1w 1iloi6e
fearflufindadud 3 mnmmﬁﬂﬁngmﬂu 50H z 3¢ ldanufluasailufingd 3 i
150H ¢z

8. a2tlsznaun1ag (Power Factor)

WNET SATIRIBDIMEINUIT (WKW) dafdnudnng (VAKVA) agnalsi
mumngﬂﬂﬁummLmﬁ’uua:m:uwﬁé’nungﬂnﬁu’lmﬁmmmﬂﬂﬁaﬁ?ﬂi:nauﬁwé’alu
wausnlalmf(cosine)uaasuinaszwiriussduiunszusile

2.2 tlyrinnuasordlufind
-1 A' - J 1 B (]
awﬂuunémnmwﬂ:ﬂuaglum:uﬁw%atmw'l,ﬂﬂw a1auysaandulvziom
1 hod ] A‘
dnvgaaaalild
1. arfluind (Harmonic)
=& " dl { A d. [ 1
wanofisEmlsznevgdedulmivasguasunoaula gidanuiidudmanriie
[ a
fasnnuindnya
2. dwinaforfluiind (interhamonic)
&£ ] & - o v o8 @ '
wuode gaulsen augﬂﬂau'lﬁnwmgﬂﬂauﬂ seula gndanylidudmamin
B A L ) -3 J 1
992789810 IMANYA SunatTasluiindidnunaznulunisusaveauuuantn
ﬂi‘ ¥ a nl L7 o«
(Arc furnace) ifiadnlurznimsaumin laoawizlugaSudunisnasy nszusanin
- [ o @ ] ) 1 d " - -
aeadldiatos i lvnyzualduinan ndafle aanufl 50 Hz enusziwan 20 Jafiuh
1 -3 = 1 -] F a v o . &
wanszugarfnasfisuialiidu 20 Safiwfinney ldlfia Interharmonic
& o
wananifiazwy Interharmonic  luaunsal Wi Adinsaugumsihsuuuy Integral
Cycle w38 Burst firing
3. o1ilufinfqmudnumie (Characteristic Harmonic)
wurgfsaslufindgfailaoasosutasin Wi nIanauiiafinas(Converter)
d Qe - . L. A Qs 1
daussnnwinssuaasuiwlwintzugavanansuniu laoldmsheddnisulalaa,
scR ifwsiadaadantsuy luanmaznsvinaulnd ﬁﬂﬁumaamﬂuﬁnﬁqmﬁnumz
IO 1897n

n=KP=+1 (2.9)

fduanfluiing

WWUIHAMANLINIA 9(1,2,3,...)

o AN
u

= §uInuWaf(pulse number) VaInpRETIAaT
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4. ovfluiindilallMiAnesngmanue: (Noncharacteristic Harmonic)
wnofisafludnfignairelaveawnefinatliduwldawsuns n=kp L1ty
o & v & - P 4 [ Ao ae
aautiadiaaiuuy 12 wad aaslianzofladndgudnyusAfidduy
QA & r-1 -1 Ad [:] et w_ v -
11,13,23,25,35,37,... asvwidmfludindnldreudu 5,7,17,19  Yuardaw anflufing
. A o= o £4AN ) m a d & o , -
wfifodduenflufindfiliifannguansncdaiuduanodaszuvainniiga
. o
5. prilufnddr1dunmunitasag
- d. ) A Qs L [ = [} Q- A A et
wanptis orfludinafidrdugnmidan 3 e ldin srdlufinddreiun 3,6,9 Teda
' ' ia o o P a .
ag'l.u,nquﬁﬁmﬂu(sequence)l,ﬂuguﬁlun':mmﬂm:uu 3 a4 ;o anslufindngaitas
Twiulwaaglumofimsea lkifadyminyszog Wi ld su eofmsasiianuiau
A9 9 e ivaniniaanuiurpuas i Fifasaises (ueu

2.3 unssnnieaofluiind
1] o - - B r. g e 1 z
unsstufiaensladndluszuu Wi fdoiunaisatng naangunsallni
Uszinn static  power converter  filTuihanliiuuwinanalulsnugamwnisuua:
P \ o a w [ ) - o v oA
dissnnaunsallnindszinndns 9 Adlamuunuwuudr nande ldnususgdundin
& o @ g - -3 E‘J g L b A 1 r- -l
manvanidluarduiaeflufingrnanluszuuWiadias saunindamfinvanduavad
a - ' ¥ o o v v oa - '
mafauazaurazasailufing dundesisdlafiscinaidifiaanufomoda
) & A ] ' 3 = o - & *v
sruundnieaunsainialy undeduiadgygramilulindanrnuoneanldnay
ar &
Urzinnedii
2.3.1 TnaafllaiifiniBaidn (nonlinear load)
o adliand (rectifier)
* adlWieasuuuiimIaIuau (controlled rectifier)
e aaunafinefuvuanud (static frequency converter)
¢ 3uareasuuyduen (saturable reactor)
-4
® L@MABNLLVYANIA (arc furnace)
d P
o nTadeuWiuuvania
2.3.2 unasniRainsliianga (phase unbalance sources)
e Inasuuuidufdunaidien (single phase linear load)
o TnaauuuluiBaduinaidinn (single phase nonlinear load)

o wilaudsaaadila (open delta transformer)
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4 0 Qo dl ] [P i o
AN 2.1 sautltznavsasntsuassundnlviulveaflt IWntzuaesaSou

ailufing YUA(p.u.)
aMafindifundamental) 1.0
5 0.2
7 0.143
11 0.077
13 0.059
17 0.053

Py I R & 4 o o g s =

Tunsdifilaladnmsldnianumsahussa v fenhlvdy grunszusasadoy

t L ar ] () ] : L =
dunndunszuassunurssnn WA nsifisauwanlod (distort) wow 1sedlWiesd

i i . d i v
WLURAWLANLARLADT (full wave single phase) Wadanizuglilvasfiduanudmunin
, - Y 1. ol fa g [y @ v , Py
athadurnlaidnsiivauuvaslaiifatunsdunszuasduesunasns i adrelsh

L4 | A ] ] A e J
autuuuidusuWenaidoauuredlminieduntzuarasundsinofiiedn s
.-i e A A a 5d d' oA o
dssuwenlmiitessniimiliised Wiea M fgeidafygrumuinanzusssy

a e a - = P v [ ™
wuuaduauaindiwsed e imualasdanumiioahawelngiev Wy g
= J r) 4+ dl -J = :J
nizuaasnevin vwavasailuindlauaailuarvef 21 elidrvwaggad
a & o o o - v ] o <
murafielwldamdygrunduawarimedunizuraivrasuniiiie Jfi 2.5 1w
a o [ '
WIREWIETIAETILY 3 wWr 6 WadlRuuwsintzusssuunizurasdlavdnn
| (YY) a8 - w
NIUEATIAANINTBY FIUNTEURRAUT SNt I UARUFLAIT LRENTLARLAI TN
" a (] i a dd cd - A 4+ .
awmnmmmmmmu'l,vmnﬂaﬂaumumtuumn‘lfnummaLLunﬂauaanIﬂu'I.'ﬁ Fourier

Analysis v2¢

243

Al ——Id(cosﬂ—lcos 56 +-1-cos79 —icosl 16 +—1——cosl39...) (2.10)
- T 5 7 11 13

I

manfissusenlsfoesdyprmfiundessivdmiasnnnsesinisnesdid
mtm;‘énﬂs:mmﬁaﬁﬁunhﬂauﬁam*ﬁ"uuaw {(commutation notches)ij’mztﬁmﬁuvgnq
adlmdalundszinevniTzuy 6 vTaE?mm@lLﬁﬂLﬁmmn'lum*smuquﬁ’nm‘lwﬂ’l
Lmﬁvgmfu'ln?mﬂafmwmzﬁaq’lu'ﬁdotﬂuﬁdmLm:mwm:ﬁ"laitﬂuﬁ':ﬂ’l(conducting
and  nonconducting)n3AvtEwillasu nseeuduannizuaivlnimaesaadaly
Fuiludaidnrsaneunizugaduiivnsdulalaiund msdrianizuaisatlvilen

1 o L vt J [P o ] o 3 =
ﬂHl%Lﬂm‘VTﬂLlBNTUVLG]%H'IJ%E]HﬂU‘]JW]ﬂﬂ']"l&lLHHU']%WI%H'TULLR:?:UUﬂ’J’]&ll.'H‘HU'J%’]EJ\'l
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Load | Vo

4 3 12

—‘z: e ——\ 11-.5_\: Th2

lac

- ) a
U 2.5 wvsussdyyinasnaunaiiaat 3 s 6 Wad

2.3.3 m‘1u1u'luqaamtﬂﬂ (phase unbalance)
[] A - J & = 1 1 o lﬂ‘
mw'luauqaﬁ-uathamn@w'l.mzuununamm:um-ﬁmﬁmnumsmmmumn
L 1 1 L A J - »
iinziuinadavaiaefitwdpnunmndoauuuaininud mm@lmaamnnﬂmwh
'3 o a ' € A A A \ & A P
fm@;fqmlaaLwﬁmuaammnhaﬂ‘luﬁuqaumaaummwﬁmuﬂa‘luauqawmmﬂLnﬂ
ﬂ' A i [] L B 1 e J Fy
Wasmaniluaauuuiwad oafidwuuulaid o du tiw nstuedanuunlfinisesd
J L d L L - ) J [}
wrid o Hudu e lddlguinsuan flufindifauuanmiienninslisuas
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[ | v v oA o P @ W
Uszanm 8% suanrefuaas lwidaFastigvifiassmanslafingluddadanaas
yaLnad

[. 3
2.3.4 nszuaidnlvduazialsTlvunnd(excitingcurrent and ferroresonance)
nzumdnlodlasundlilavldifansdsaunaainfuwave  distortion)us
a { I o o & | { a o %
TywiAaiiasanusau Wi nizuadn lodirvinag el aiauwsiauw Wi
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- { ' a | [» @ = ol
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nszusdnladfduiiuanugydsluniouaaledralnaaiduni 130% 18380
™ LY o L3 -l [V | o =3 AJ Qs ’
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5.2 myimreitoysllyunsudan E-TAP
5.2.1 B9 Simulate nynsasafinfindruuWihzeslsssu 1 MDBA

without Filter

!
. b

Jll

i

F W T F TS

T |

- «“;— f‘rf" e’«

Iﬂﬂ 5.9 One line diagram %8379 Converter V& 15997%1 MDB 1 without Filter

VYTHD (Total Harmonic Distortion) Report

Voltage
Bus Distortion
Fund. THD
D kv o °’:

Bus? L‘HDD 9’ 83 ll,li
Busd 0.400 §2.2% 11.16
Buss p.400 9243 .11
Hus§ 400 9238 11.16
Bus? nA400 §4.47 12.09
Bush 0.400 90.28 11.39
Bugd 0400 8832 11.57
Busl] 0400 §0.49 11.33
Busl2 3.400 FERN 1376
Busld Q.400 9217 [r.16
Busi4 0.400 9030 LL.59
Busl? 040G 8237 £4.26
Buslé 0.40¢ 9171 11.21
Busl7 n4oo 89.08 1142
BuslP 3.400 9208 11.18
Bus) 0401 88.235 11.535
Busl! a.400 92.83 11.11
LowVole 0.400 9547 104

[ndicate 3 buses with THD (Total Hemonic Distordon! sxceeding the himet

WANNT Simulate Harmonic Voltage without Filter
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Harmonic crder

plﬁ 5.10 Spectrum Harmonic Voltage 7 Bus 2 without Filter

Waveform
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]ﬂl"ll 5.11 Waveform Harmenic Voltage fi Bus 2 without Filter
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31]1"'! 5.12 Spectrum U4 Harmonic current i Cable1 without Filter

Waveform

T Caplewi / PR3 5T A )

44

Time (Cycle)

o . ,
Jﬂd 5.13 Waveform 193 Harmenic current 71 Cabel1 without Filter




5.2.2 La9INNS Simulate n1snyavanslafindrzuulWiivaalsienw 1 MDB1
with Filter

z'l.ld 5.14 One line diagram 2&37a Converter 48915997% 1 MDB 1 with Filter

VTHD (Total Harmonic Distortion) Report

Voltage
Bus Distortion
Fund. THD
ID kV o b5

Busl 0.400 93142 2.90
BusZ 0.400 9342 290
Busd 0.400 9282 291
Busi 0400 93.03 280
Bus6 0.400 9296 291
Bus? 0.400 8311 3.15
Bus8 0,400 Q087 2.97
Eusd 0400 88.93 3.02
Busll 0.400 91.07 2.93
Busi2 400 74.18 358
Bust3 0.490 0273 202
Bust4 0.490 90.90 100
Busls 0.40a 83.23 4.56
Buslo 0400 92.20 292
Busl? 0.400 $9.68 2.98
Busl® 0.400 92.67 2.91
Bus20 0,400 §8.86 LX)
Bus?l 0.400 9342 290
Low Vole .400 9308 2.63

Indicar s buses with THD (Total Harmonic Distortion) exceeding the linit

HANTT Simulate Harmonic Voltage with Filter
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zﬂﬂ §.18 Waveform Harmonic Voltage #i Bus2 with Filter
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Il.lﬂ 5.47 Spectrum Harmonic current #i Cabel2 with Filter

Waveform

— Cabled ¢ RVER. ST &
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31]?1 5.18 Waveform Harmonic current i Cabel 2 with Filter



5.2.3 48NS Simulate nnsasafluindszuuWiiveslsesu 1 MDB 2

without Filter

2000800/ 0 GO
egﬁftﬁ’.«**\‘i» R Sl o S

]ﬂ'ﬁ 5.19 One line diagram 2837 Converter 284139974 1 MDB 2 without Filter

VTHD (T otal Harmaonic Distortion) Report

Voltage
Bus Distortion
' Fund. THD
D Y bog e

Bus2 0400 84,50 6.77
Busd 0400 93.91 6.79
Busd 0.400 8411 6.76
Busf 0400 04.04 6.79
Bus? Q.420 86.30 133
Buss 0.400 01.98 6.9
Bus? 0.400 20.06 7.03
Bust0 0.400 1.2 8.46
Bus!l 04N 92.18 6.90
Bus12 Q.400 75.63 8.28
Busl3 Q400 0184 §.51
Busl4 0.400 9201 7.18
Busl6 0.400 9338 §.82
Busl? 0400 90.51 6.94
Bus20 0.400 o030 7.02
Bus21 0.400 94,50 6.77
Low Vole 0.400 04.68 6.21

Tadicares buses with THD (Toral Harmonic Distortion) exceeding the lmic

HEN19 Simulate Harmonic Voltage without Filter
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31]11 5.20 Spectrum Harmonic Voltage ﬁ Bus2 without Fiilter

Waveform
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ey

Time (Cycie)

11]1‘1 5.21 Waveform Harmonic Voltage 17‘1 Bus2 without Filter




)

e

Speecl rum

ot

curt

(33

[INTJSREIIT

50

Spectrum

W caciez fo2311l¢ A

3 £ 13
Harmenlc Crder
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5.2.4 H891N1T Simulate myntasaflufindrzuyiWiaaalssen 1 MDB 2
with Filter

lll.ll l l l I ll

& 7
’eoooo ;g éé%
& ey =

By P"\’?f’#ff!f'

zﬂﬁ 5.24 One line diagram Y837® Converter 28413997% 1 MDB 2 with Filter

V'THD (T otal Harmonic Distortion) Report

Yoltage
Bus Distortion
Fund. THD
ID kv be Ze

Busl 0400 9371 .
Bus2 - 0400 9371 297
Busd 040% 9312 2.98
Busd 0400 9332 2.97
Bus§ 0.407 9323 298
Bus? 0.400 3543 12
Bus8 0.400 91,17 3
Bus® 0400 §9.23 3.ne
Busld 0.400 7002 3.85
Busll 400 pL.37 3.03
Busl2 0400 T4.58 146
Busl3 0.400 93.04 2.99
Busl4 0.400 91.19 108
Busts 0.400 83.56 4.62
Buslé 0400 9238 30
Busl? 400 §9.98 3ns
Busl? 0400 92.86 299
Busll 0400 93.71 bR
Low Volee 0.400 96.24 2

Indicates buses with THD (Torai Harmenic Distortion) exceeding che limit

HANTT Simulate Harmonic Voltage with Filter
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71l 5.26 Waveform Harmonic Voltage 71 Bus2 with Filter
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5.2.5 N8I1M7T Simulate MInsadaslufindszuulwiesg 15997 2 MDB 1

without Filter
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zﬂﬁ 5.29 One line diagram 3837@ Converter 184 15901% 2 MDB1 without Filter

YTHD (Total Harmonic Distortion) Report

Voltage
Bus Distortion
\ Fund. THD
1D kv oy %
Bus2 0400 9339 9.86
Busd 0.4G0 §2,79 8.1
Buss 0.400 P29 986
Busé 0.400 9292 9.81
Bus? 0.400 8307 10.72
Buss 0.400 90.84 10.11
Bus? 0.300 88.39 10.27
Busll 0440 69.52 12.79
Bustl 0400 91.04 10,046
Busl2 0.400 414 1217
Busld 0400 90.86 1027
Busl3 0404 §3.18 12.6%8
Busl6 0.400 0235 9.93
Busl? 0400 89.64 10.13
Busl9 1450 0243 g.e2
Bus2i} 0.400 88.52 10.25
Bus2l 0400 93.3¢ 9.86
Lom Valte 0400 05.90 a.02

Indicares buses with THD (Total Harmonic Distorton) exceeding the dmit

HWaN1y Simulate Harmenic Voltage without Filter
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5.2.8 H891NNTT Simulate MsnTadansluRndrzuuiwiveslsinu 2 MDB 1
with Filter
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31]# 5.34 One line diagram U837 Converter 183179914 2 MDB 1 with Filter

VTHD (T otal Harmonic Distortion) Report

Yoltage
Bus Distortion
Fund. THD
1D 3% %y Ok

Busl 0.400 93,06 274
Bus? 0400 93.96 274
Bust 0400 93.37 275
Buss 0.400 9357 2
Buss 0400 93,30
Bus? 0400 8571 267
Bus§ 0460 91413 2.80
Bus$ (}.400 89 49 2.85
Busld 0.400 1040 3134
Busll 0.400 91.63 2.78
Busl2 0.400 491 3.37
Busl4 0.420 91 .43 183
Busl3 0.400 8334 +.3
Bustd 0.400 0283 276
Bust? 0.400 20,24 2.8
Bust9 0.400 93.21 275
Bus?0 0400 £0.43 2.84
Bus2t 0.400 03.96 274
Low Voite 0400 9642 25

Indicates buses with THD (Total Harmenic Distorrion; exceeding the Emir

HANNT Simulate Harmonic Voltage with Filter



(2)

Vol tages

2.F4

(<)

Speec L ram

Vollag.e

aedf

231

Wl mues -

Spectrum

L A L

58

1
HKarmeonic crder

| o
91 5.35 Spectrum Harmonic Voltage i Bus2 with Filter

Waveform

= Bual 7 L.4D RV

RELE

f;"ime (Cyclie)

3!]# §.38 Waveform Harmonic Voltage i Bus2 with Filter



(L)

cCurront

(%)

Sl pum

Curreit

Spectrum

Wl cCacie: - #3284 A ¢

— Cigrmi

"
w

Harmonic Order

31]# 5.37 Spectrum Harmonic current 'ﬁ Cabel2 with Filter

Waveform

s Jris 34 A )

Time (Cycle}

31]1"'! .38 Waveform Harmonic current fi Cabel 2 with Filter

59




5.2.7 58397017 Simulate mInsasaslufingszuulwivealsenu 2 MDB 2

without Filter
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gﬂﬂ 5.38 One line diagram Ua37a Converter Va9 179974 2 MDB 2 without Filter

YTHD (T otal Harmonic Distortion) Report

YVoltage
Bus Distortion
Fund. THD
o 4% L L%

Bus2 {4400 03102 7.66
Bus+ 0400 93.33 77
Busd ) a400 ENE) 7.66
Bus§ 3400 2346 7.7
Bus? 2.400 85.66 832
Bus 0.400 91.39 7.83
Busf 0.400 89457 797
Busld 0.490 7034 Q.88
Busll 0.400 01.5% .81
Busl2 0.400 71.86 LR
Busl3 0400 p3.25 .73
Busl4 0400 93.00 773
Busls 0.400 83.80 1050
Busls 0400 9178 .13
Busl? 0400 90.20 1.87
Busl9 3400 83 17 7371
Bus0 0420 8036 7.96
Bus?l 0.400 9392 1466
Low Volte 0.400 A6.21 02

Indicates buses with THD (Total Hemonie Digordon exceeding the dmc

WAaN17 Simulate Harmonic Voltage without Filter
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5.2.8 Wa91N1T Simulate MinsasmTluiindrzuy Wi vaslseeu 2 MDB 2
with Filter
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zﬂﬂ 5.44 One line diagram 8979 Converter 183 15997% 2 MDB 2 with Filter

.

fue] Jfus] Joo] Jom] poppe— wia1d
&3 Gy & & '0000900000000090@0 L I ‘ l
& f ' ¥

VTHD (Total Harmonic Distortion} Report

Voltage
Bus Distortion
Fond. THD
D 3% b i

Busl 0.400 93171 297
Bus2 0430 93.71 297
Bust 0430 93.12 2,98
Bus 0.400 933z 297
Bus6 0.400 9323 2.98
Bus? 0.400 8343 ERed
Bus8 0400 91.17 304
Bus® 0400 $4.23 3.09
Busi0 0400 70.02 3183
Busil 0400 9137 103
Busl2 0400 74.58 3.66
Busi3 . 0400 93.04 299
Bus!4 0.400 91.1¢ 3.08
Busls3 0.400 8356 4.62
Buslé 0.400 02.38 300
Busl? 0400 89.98 305
Busl$ 0400 92.96 2.99
Bus?i £.400 93.71 MUN
Low\olte 0.400 96.24 272

Tndicares buses with THD (Toral Harmonic Distortion) excesdme the limt

H&N1T Simulate Harmonic Voltage with Filter
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5.2.9 489N Simulate n1InyasaslufindizuyWivaslysenw 3 MDB 1

without Filter
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jﬂﬁ 5.49 One line diagram 2837# Converter U9 T5997% 3 MDB 1 without Filter

VTHD (Total Harmonic Distortion) Report

Voltage
Bus Distaortion
Fund. THD

D kv O e
Bus? 0.400 97.03 1211
Busl3 0.400 96.39 12.17
Busl4 0.400 04.61 12,61
Busl> 0.400 §7.32 15.19
Buslf 0.400 9304 1231
Busl? 0.400 034 1240
Busl? 0.400 2631 12.18
Bus20) 0.400 Q1.66 12,53
Bus21 0.400 97.03 12.11
Low Vole 0.400 9840 11.21

Indicaes buses with THD (Toral Harmenic Distortion} excesding the Em

HANTT Simulate Harmonic Voltage without Filter

66



()

(SN

S

(%)

voltage

Vol Lagge

| VPN

Spectrum

Do€2 RV

— Fisé

Harmenic Grder

zﬂﬂ 5.80 Spectrum Harmonic Voltage f Bus2 without Filter

Waveform

4D T

67

Time (Sycle)
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5.2.10 H831NNT Simulate ninsasatslafindrzuu WMve9lsesu 3 MDB 1
with Filter
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;ﬂn 5.54 One line diagram 1891a Converter 28413997% 3 MDB 1 with Filter
YTHD (T otal Harmonie Distortion) Report

Voltage
Bus Distortion
Fund. THD
ID (48 Gy %o

Bus! 0.400 93.96 )
Bus? 0.400 931.06 )
Bust 400 9337 273
Bus$ 0.400 93.37 274
Busf 0.400 9330 235
Bus? 0.400 8571 297
Bus Q.40 91.43 280
Bus? 0.400 8o.4p 283
Buslg 0400 R 3.5
Busll {400 91.63 279
Busl2 0400 74.91 337
Busid 0.400 9143 283
Busl# 0400 8384 4.35
Buslé 0.400 0283 276
Busl? 400 90.24 2.81
Busl9 0400 93.21 R
Bus20 0400 3043 184
Busl! 0400 £3.96 2H
Low Volte 0400 06,42 2.51

Tndicates buses with THD (Toral Harmonic Distortion) excesding the limit

Han13s Simulate Harmonic Voltage with Filter
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5.2.41 W8INNT Simulate nInsadEniludindszuniWiizaslsees 3 MDB 2

without Filter
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:pm 5.59 One line diagram 28379 Converter 183 159974 3 MDB 2 without Filter

VTHD (Total Harmonic Distortion) Report

Yoltage
Bus Distortion
Fund. THD
D KV ¢ e
Bua? n.400 03.30 9.86
Bus 0.400 02.79 0.1
Buss 0.400 §2.08 9.86
Bus§ 0400 9292 801
Bus? 0400 85.07 10.72
Busd 0.400 90,84 10.11
Bus® 0400 88.80 10.27
Buslf 0.400 69.52 1279
Busll 0,400 81.04 10.068
Busl2 0.400 .14 12.17
Busl4 0.400 o036 10.27
Busl3 ¢.400 §3.18 12.68
Busl§ 0460 R2.23 993
Busl7 0. 400 80.64 10.13
Busl? 0400 D263 9.2
Bus20 0.400 §8.82 10.23
Bus2l 0.400 9330 9.86
Low Volte 0.400 0300 9.02

Indicares busss with THD (Tozal Harmonic Distordon) excse ding te e

HANNT Simulate Harmonic Voltage without Filter



(%)

voallage

P R

Spectrum

MW Beap 0 0o4n eV

i

a
©

spectrum

VolEage

k]
Harmenic Crder
¢

y . .
JuUN 5.80 Spectrum Harmonic Voltage i Bus2 without Filter

Waveform

= EBeg2 oA 40 RV

Time f(Cycle)

3!]# 5.61 Waveform Harmonic Voltage ﬁ Bus2 without Filter

73



1

n
o

Spect rume

Crren!

=1l

Ciyys

Speactrum

Bl Cabies ¢ JITLT A

204

13
HRarmcnic order

31]# 5.62 Spectrum Harmonic current '?‘1 Cabel2 without Filter

Waveform

— Caklwl ¢ MY 15 A

Time Cycle}

31]11 5.863 Waveform Harmonic current ﬁ Cabel2 without Filter

74




75

5.2.12 Ha97N13 Simulate NInTadgnlufindrzuuiWivaslsenu 3 MDB 2

with Filter
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]ﬂd 5.84 One line diagram 78479 Converter 283134971% 3 MDB 2 with Filter

VYTHD (Total Harmonic Distortion) Report

Yoltage
Bus Distortion
Fund THD
D kv % o

BusE 0400 9186 274
Busl 0404 93.86 2
Bus4 0.400 9337 273
Buss 0400 9357 2.4
Busf 0.400 9330 233
Bus? 0.400 8371 297
Bus§ 0.400 9143 350
Busd 0.400 39.49 2.83
Busl0 0400 70.40 1.5
Busll 2400 91.63 2.79
Busl2 0.400 74.91 137
Busl4 0.400 91435 2.83
Busl3 0400 83.84 4.33
Buslé G400 92.83 276
Bust? 0.400 o0.24 281
Busl® 0.400 9321 273
Bus20 0.400 89.43 2.84
Busl 0400 2396 21
Low Vole 0400 £6.42 25

Tedicates buses with THD (Total Harmonic Diszortion) excesding the Lmis

HANMY Simulate Harmonic Voltage with Filter
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