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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 harmoni¢ 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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Distortlon : THD)

AumnsTamadiueue s 1EEE ldldanumungliindewiu nddle
ﬁﬂﬁnﬂnﬁoﬂ‘%mmmmmﬂuﬁnﬁﬁﬁagl'ﬁv’meﬂmLﬁamﬁuuﬁum rms V838wl TENaU
mwﬁwﬁm‘gaﬁaaumiﬁ 2.7 UREEUMNTT (2.8) fﬁat"ﬂummgm IEEE 519-1992

z
2V
DV, =HF, =THD, = --§— x 100% (2.7)

b

12

DFi=HFi=THD, = 12 x 100% (2.8)

1

D=
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5. avauaflufind (Power Order)

drduaniluding de é’mwfhwaefmuﬁaﬂﬂuﬁnﬁuﬂzmmﬁﬁé’nga it inign
feaslufinddndud 3 mnmwﬁﬁﬁﬂgmﬂu 50H z oz ldanafivasenslufingd 3 10u
150Hz

8. #21lsznouUn1a9 (Power Factor)

W SATEIMYaIMAINUITI (W.KW) darfsaulsing (VAKVA) st lsh
@nwmngﬂﬂﬁummuwﬁmm:m:uﬁﬁé’nwngﬂﬂﬁu%ﬁmmaw‘jﬂﬁqG'hﬂﬁ:nanﬁﬂé’ah
inawsin e lai(cosine)uaanuinasznirausaduiunssuanlel

2.2 Uszinnaasonflaind

mﬂuﬁnéﬁ"Lﬁﬂﬁuﬂ:ﬂuag;'l,%m:uw’"mmaﬁu“lﬂﬂn aroutideandulszinn
e aeaalil

1. ;mflufing (Harmonic)

WERITIaN muﬂi:naugﬂﬂﬁﬂ‘nﬁm aagﬂﬂﬁuﬂ paule qﬁﬁmmﬁtﬂuﬁm’:mﬁnm
ﬁwaemwﬁwﬁnga

2. duinaforflufind (intarhamonic)

nauE ﬁauﬂiznaugﬂﬂﬁu‘lmﬁmaagﬂﬂﬁmﬂum‘u'lﬂ g Tax lifusmanmii
mﬁwaommﬁﬁﬁnga aninofanslufindisinuneznulunszusainasuuuueiin
(Arc furnace) tilaseiniuszninmsasmin laoawizlugaasudunisnany nizusanin
aedslliafins vnlwnssugliwiuen nanada el 50 Hz auazfinian 20 Jadiwf
wanszugansnazdauiatlaiiu 20 Baddwfinnenu vinliifia interharmonic o
WoONINHAATEWY Interharmonic 'Luqﬂmm”l,wﬂnﬁﬁnﬁmmum‘:ﬁ’mmmu Integral
Cycle W30 Burst firing

3. svfluiindqoudnenis (Characteristic Harmonic)

wune s mSladingnasislaniniosudssiuwlWimIasnaniaasinad(Converter)
& suasnininssussdunlwiinszusasanienduiu Taoldamafadiiigulalas,
scR ilusiadandenszus luanizmsianulnd srdusesanilafindaudnwme
ausaw lean

n=KP+1 (2.9)

grausfluiing

WwudwInduLInta9(1,2,3,...)

o A~ 3
"

= 1w IuWsH(pulse number) vavnaulIafinet
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4. m‘f[uﬁnd'mu"lﬁ'l.ﬁnﬂnqmﬁ'ﬂm (Noncharacteristic Harmonic)

wuroiie mﬂuﬁnﬁgﬂﬁwiﬂumun afinasAliduluamusunis n=kp+1itu
nawiIasinasuuy 12 ﬁ'ﬂﬁm'sﬁmww:mﬂmﬁnﬁﬂmé‘nwm:ﬁﬁ SRt
11,13.23,25,35.,37,_ siudrd o flafindf ddeuidn 57,17,19  Uwaindaw o1sluding
waniiteininerTafingdl Lﬁﬂﬂwﬂqmé’num:%oLﬂué’ummﬁaiwumnﬁq@]

5. flaufinddrduiiaamsada

Wwueilg aﬁﬂuﬁnﬁﬁﬁqﬁugnmiﬁaﬂ 3 aeen 1w a§lufindseuft 3.6,9 F9dn
ag'lunajuﬁﬁa‘hﬁu(sequence)l,ﬂuguﬁluﬂizﬁﬁlﬂmzuu 3 w4 a1y mﬂuﬁna‘ﬂsjuﬁﬂ:
wiwlwsaglumoimsea dldifAadymiiuszun Wi ld iu smofimseadienuion
gaang s iFawimfaanufamouszrhliinesarans udu

2.3 unssrnRaofluiind
' o ] - B - At 1 5
wnasiufiaanilufindluszuu Wi idrsiunaisatng naamansal Wi
Uszinn static  power converter  ATwihanldiuuwinaialulssugamnniuuas
Pl . i (Y v y e W s
Hassngunsallwihysziandna g Alsiwnwinud nanafe ldsuruaglundsian
Eﬁ nll & 4 g - ry G'J q o 3 1 =& =
nansafiluaidiuiaarluindinun luszvuiWiadae snunindnfenssnidoavas
- = [ | B -l A o v oo wl [
i fiauazsuiatasm flafing Ndunkenipslefclinarildifiannufonods
A A [l ] ¢ I g ) [ v
srun IWfmsegunsaiuiolsl undsiudadgyaineaslutindmansnuaneanlanaiy
o A
Uszinnasis
m ]
2.3.1 InaafilalillwiBaidw (nonlinear load)
e sadliead (rectifier)
o uadlWeafuuuiminlugy (controlied rectifier)
e aauneiieaTuuuanud (static frequency converter)
® Juammaiuuududn (saturable reactor)
3
®  LMWADNLLUUENIA (arc furnace)
- P o
o afaadeyinWiuuuanie
2.3.2 unssnuiaiislinuge (phase unbalance sources)
e IvaauuuiBadunaLfen (single phase linear load)
¢ TnaauuvluiBadunaiae (single phase nonlinear load)

¢ wlaudasaasita (open delta transformer)
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a3 luing YU (p.u.)
ﬂ’nuﬁﬂnﬁ(fundamental) 1.0
5 0.2
7 0.143
11 0.077
13 0.059
17 0.053

dlﬂ. ] Lasd ‘Jz A ) -A' a » 0 =
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& Lr) bt ] ) = el ﬂ' L -
wundunszuasdunwrssine Wfdnndoauunnlad (distort) Wow 1sad lWaa’d
a4 & = - AT, s = v
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\ = |- o Y77 § v e Ve N
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al v L a &
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Analysis 218l

2(

[0 =—1 (cos@—lc055t9+ 1 cos78——c05119+-!-005139 ) {2.10)
- 5 7 11 13

maipavwinlofvesdygrafdunsaiioinswiasnanisesinimas il
mm@gﬁnﬂ‘s:mmﬁoﬁﬁ'unﬁ'\ﬂauﬂdm'ﬁl’uuaﬁ (commutation notches)ﬂ’umﬁmﬂmgnq
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and  nonconducting)n3fAviituillein minsudaannizuaiuinimasfdadaly
$ufludaifarvesmesunszusasutivmadululasind mrirdantsurieerlvilen
agﬂumm‘ﬁﬁuau%’u'lﬁmfuﬁ’ua;Jjﬁ'wm@mmumﬁu'zﬁﬂummm:izuumwmﬁmﬁﬂ?ja
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3uUN 3.9 .¢5090a7@ 3-phase power quality analyzer Model CA

8334 184 Chauvin Arnoux

d e e .
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5.2 mylmnuitoyalilsunsuiae E-TAP
5.2.1 H89N1T Simulate n1Insadmlaufindgvzuu Wivaelveanu 1 MDB1

without Filter

Tiiiery dgTEe
1 Il

T -;D.HUJ U

e

*
R ¢ o P P

31]# 5.9 One line diagram 1837 Converter 184 139971 MDB 1 without Filter

VTHD (Total Harmonic Distortion} Report

Voltage
Bus Plstortion
Fund. THD
D kv e b

Bus2 0400 03,83 11.11
Busd 0400 ELE 11.16
Buss 3400 9243 1.1
Bus§ 0,400 923§ 116
Bus? 0400 §4.47 12.08
Busd 0.400 90.28 11.3¢
Busd 0408 §8.32 11.37
Busil 0400 90.45 11.33
Bust2 0.400 7341 1376
Busll 0.400 9217 11.16
Busi4 0.400 90.3¢ 1158
Busls 0400 $2.57 14.28
Buslf 0400 91.71 .21
Busl? 040 80.08 1142
Busl? 0.400 Q.09 11.18
Bus20 0400 BE.23 1155
Bus?! . a408 9285 ttl
LowVole 400 05 47 1014

Indicare s buses with THD (Total Harmonic Distortion s sxceeding the limit

HWanN13 Simulate Harmonic Voltage without Filter
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Time (Cycle)

zﬂﬁ 5.11 Waveform Harmonic Voitage #i Bus 2 without Filter
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Spectrum
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Lh]
Harmonic CQrder

-l ) = . ;
zl.ln 5.12 Spectrum Uad Harmonic current Y1 Cable1 without Filter

Waveform

= Cablel !/ DPF3 . £2 A )

Time (Cycle)

31]# 5.13 Waveform 2839 Harmaonic current ﬁ Cabel1 without Filter



5.2.2 WRIINNTY Simulate N1snsadansladindszuuWihveilssemw 1 MDBY

with Filter
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31.111 5.14 One line diagram U831® Converter 45915997 1 MDB 1 with Filter
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VTHD (Total Harmonic Distortion) Report

Yoltage
Bus Distortion
Fand. THD
ID KV %o L

Busl 404 9342 2.90
Bus2 .400 Q3.2 299
Bus 0400 9282 191
Buss 0400 8303 280
Busé 0.400 G296 2.9t
Bus? 0400 83.11 3.15
Bus8 0400 80.87 2.97
Bus? 0400 88.93 n
Busl! 0.400 6t.07 2.95
Busl? 0400 4.18 338
Bust3 0400 02.73 203
Busl+4 (4400 00.80 ENHY
Busl3 0400 83.23 4.36
Busl6 040G 9229 20
Busl? 0.400 §9.68 2.98
Busl® 0.400 9 87 291
Bus2d 2490 §5.86 ERUH
Busll 0400 91 42 28
LowVolwe 0400 0398 2.65

Indcaw sbuses with THD ¢ Toral Harmenic Distortion  exceeding the limit

HENTT Simulate Harmonic Voltage with Filter
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Harmonlce crder

3‘1]# 5.15 Spectrum Harmonic Voltage ﬁ Bus2 with Filter

Waveform

D2 XV 2

Time {(Cycle)

zﬂﬁ 5.16 Waveform Harmonic Voltage 7 Bus2 with Filter
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31N 547 Spectrum Harmonic current fi Cabei2 with Filter
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3‘1]11 5.18 Waveform Harmonic current i Cabel 2 with Filter
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§.2.3 NA9NS Simuiate nInsasasludindysuyIWieslseeiu 1 MDB 2

without Filter

b
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< =¥ i A 4"
«5§¢¢¢fr***+ef'* Rl A S 2 i

31]11 5.19 One line diagram ¥837» Converter 28315997% 1 MDB 2 without Filter

MTHD (Total Harmonic Distortion) Report

YVoltage
Bus Distortion
Fund. THD
D 4y bq %o
Bus2 0.400 0450 6.77
Busd 0.400 8391 6.79
Buss 0.400 9411 §.76
Bus6 0400 24.04 4.79
Bus? 0.450 $6.30 7.33
BusE 0480 91.98 §.93
Busg 0400 2006 7.03
Busl( 0.400 7121 8.66
Busl! 0.400 9218 6.0¢
Busl2 0.400 7363 8.28
Busl3 0.400 9154 6.81
Busl4 0.400 gr01 118
Busld (400 8138 §.82
Busl? G400 $0.81 5.84
Bus20 2.400 50.00 7.02
Bus?l 3.400 8430 6.77
Low Vol 2,400 86.68 8.21

Indicates buses with THD (Toral Harmonic Distortion ! exceeding the Hmic

HBaN1T Simulate Harmonic Voltage without Filter
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Spectrum

Wl ey o ceoxv
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Harmonic Crder

g
Iﬂ'ﬁ §.20 Spectrum Harmonic Voltage 71 Bus2 without Filter

Waveform

—— Busl o0 XV 1

Time (Cycie)

;,nlﬁ §.21 Waveform Harmonic Voltage ﬁ Bus2 without Filter
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Waveform

T Giblel 7 f011.1€ A2

1o

50

Time {(Cycle)

Iﬂd 5.23 Waveform Harmonic current ﬁ Cabel 2 without Filter
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5.2.4 H89IN1Y Simulate MInsasefluindszuywihoadlseu 1 MDB 2
with Filter
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1!]# 5.24 One line diagram Va31a Converter 484179974 1 MDB 2 with Filter

VTHD (Total Harmonic Distortion) Report

Yoltage
Bus Distortion
Fund. THD
I Y e %
Busl 0.400 B3 7H 297
Bus? 0400 937l 2.97
Busd 1400 pLI12 88
Buss 0400 2312 297
Bust 0.400 B335 298
Bus? 0480 8543 3.23
Buss 0400 91.17 304
Bus® 0480 80.23 3.00
Busld 0.400 70.02 385
Busll 0,400 91.37 3N
Busi2 0400 74.58 3.66
Busl3 0400 93.04 299
Busl4 o400 81.1¢ 108
Busl? 2400 83.56 4.2
Busl6 0400 §1.38 .06
Busl? 0408 §0.08 305
Busl? 0408 82.86 208
Bus2l 0403 2371 297
Low Vle 0.400 96.24 272

Indicates buses with THD (Toral Harmonie Distortion| exceeding cthe limic

HaN17 Simulate Harmonic Voltage with Filter
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5.2.5 NR3I1N1T Simulate MInTasaslufingrzuyiwihuas T3397 2 MDB 1

without Filter
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zﬂﬂ 5.29 One line diagram 38379 Converter 189 13997% 2 MDB1 without Filter

YTHD (Total Harmonic Distortion) Report

Voltage
Bus Distortion
= Fond. THD
1D kv g ‘e
Hus 0400 913¢ 9.86
Bust 0,400 92.7% o9
Busd 0400 D296 9.86
Busb 0.400 9282 9.91
Bus? 0.400 83.07 10.72
Buss 1,400 00.84 10,11
Busp 0.400 88.89 10.27
Busl 0400 69.32 12.7¢
Busil 0400 91.54 10.06
Busl2 (400 14 1217
Busld 0401 90.86 16.27
Busl3 400 §3.18 12.68
Buslé 3.400 9223 B85
Busl? 2400 89,64 10.13
Busl® 400 92.63 9.82
Bus2i} G400 $8.82 12.25
Bus2l G460 93.3¢ 9.88
Lo Volte .460 93590 202

Indicates buses with THD (Total Havomonic Distortion) exceading the imit

HANTT Simulate Harmonic Voltage without Filter
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§.2.6 #891NN17 Simulate MIntasailufindrzuuiwdlreaslisenw 2 MDB 1
with Filter
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Iﬂ‘ﬂ 5.34 One line diagram 98379 Converter 28915997% 2 MDB 1 with Filter

YTHD (Tota] Harmonic Distortion} Report

Yoltage
Bus Distortion
Fund. THD
D Vv o i
Busl 1406 2104 274
Bus2 0.400 33.96 274
Busd o400 9337 qi5
Busd 0400 9357 L}
Busb 040G 83.30 275
Bus? 0400 8571 297
Bus8 n400 8143 2.80
Busf 0400 89.49 235
Bustd ¢ 400 7044 154
Busll 0.400 91.63 2.79
Busi2 0.400 4.9 3
Busl4 .40 91 45 283
Busl3s 0400 £3.34 433
Busld 0.400 0233 276
Busl7? 0.400 99.24 281
Busl® 0.400 53.21 275
Bus2l 0.400 8643 284
Bus2t 0400 93.96 24
Low Vole 0400 86.42 23

Indicares tuses with THD (Total Harmonic Distortion | exceeding the Lmit

HANT3 Simulate Harmonic Voltage with Filter
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5.2.7 H&897N15 Simulate n1InsavaniludindrzuuWivedlsen 2 MDB 2

without Filter
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gﬂﬁ 5.38 One line diagram Y23 Converter U Tﬁ'\‘l\‘nu 2 MDBE 2 without Filter

VTHD (Total Harmonic Distortion) Report

Yolfage
Bus Distortion
Fund. THD
D 4 e %

Busl 4400 EER 7.66
Bust 0.400 93.33 739
Busd nA400 93.53 7.66
Busé 0400 9346 7.70
Bus? 0,404 85.66 £32
Busk 0.404 8130 7.8%
Busf 0400 8943 797
Busll 0,408 70.34 9.88
Busli 0.400 £1.59 281
Busl2 0.400 7486 a4z
Busll ¢.400 83.25 7.7%
Busl4 0400 8300 775
Busl3 0.400 83,80 1050
Busld 0400 9279 173
Busl? 0400 90.20 187
Busl? 400 8317 kRl
Busl 0400 £330 1.96
Busll G400 9382 766
Eow Volte Q.400 94.21 .02

Indicares tuses with THD (Tosal Harmesic Diserion) exceeding the lree

HAN1T Simulate Harmonic Voltage without Filter
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5.2.8 48917 Simulate Msnsasm Sludindszuy Wi veslsasu 2 MDB 2

with Fifter
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;ﬂ'ﬁ 5.44 One line diagram 1837@ Converter Uad 139974 2 MDB 2 with Filter

VTHD (Total Harmonic Distortion} Report

Voltage
Bus Distortion
Fund. THD
D RV o %
Busl 0400 9171 287
Bus2 HE ] 9371 297
Busd 0450 93.12 2.98
Bus? 0.400 g3 2.67
Bus6 0.400 9325 208
Bus? 0.400 8543 12
Busd 0.400 9117 3.04
Busd 400 $0.23 309
Busld 0.400 70,02 3.85
Busil 400 91.37 3.03
Busl2 0.400 7438 3.66
Busl3 .400 3.4 )09
Busl4 G400 a1.1¢ ing
Busl§ 0400 8356 4.62
Bualé 040G 9238 100
Bual? 0400 8068 303
Busl® 0.400 92.96 290
Busli 0.400 837 287
Low Volie 0.400 06.24 o

Irdicares buges with THD (Tetal Harmonic Distertiont exceedmng the lirmic

HaNT Simulate Harmonic Voltage with Filter
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5.2.9 N&91N1T Simulate n1InTavan s lufindyz vy IWihvuael199w 3 MDB 1

without Filter
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3ﬂﬁ 5.49 One line diagram 2847@ Converter U1 T33997% 3 MDB 1 without Filter

YTHD (T otal Harmontic Distortion) Report

Voltage
Bus Distortion
Fund. THD

1D k\' Org 3
Bus2 0 -H}D 27.03 1211
Busl3 044 86.19 12.17
Busl4 2400 84 .61 12.61
Busl3 3400 87.32 15,19
Busl6 2.400 85.04 12,341
Busl? G400 0144 12,40
Busld e.400 86.31 1218
Bus2d 0.400 63.66 1233
Bus?1 400 67.03 12.11
Low Volie 0.400 8840 11.21

Indicates buses with THD (Total Harmonic Distortion} exceeding the im

HANTT Simulate Harmonic Voltage without Filter
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5.2.10 H&9NNNT Simulate nrInsasaslufindzuy Wi vedlssew 3 MDB 1
with Filter
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31]# 5.54 One line diagram 1831@ Converter 284133497% 3 MDB 1 with Filter
VTHD (Total Harmonic Distortion) Report

Voliage
Bus Dlstornon
}'u ad. THD
jin] (3% o Ty
Busl 0.400 93.96 74
Bus2 G400 9196 21
Bust G400 9337 9413
Bust G400 9357 274
Busf G400 93N 275
Bus? 4400 85971 287
Bus§ 4408 §1.43 2.8
Busf 4400 8849 283
Busld 2400 1348 3.54
Busll 2400 9163 178
Busl2 {300 7481 3.37
Busid 4400 G145 283
Busts G400 83.84 435
Buslé 0.400 9283 2.76
Busl? 0440 00.24 281
Busl9 0400 9321 273
Bus( 0400 30.43 284
Busll 0400 8396 274
Low Vole 0.400 0642 2.5

Indicates buses with THD (Total Harmonic Distortion) exceeding the Bt

Han1y Simulate Harmonic Voltage with Filter
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Iﬂﬁl 5.56 Waveform Harmonic Voltage i Bus2 with Filter
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5.2.11 wa91NNT Simulate MInsagnsluindszuuIwiizaslssns 3 MDB 2

without Filter
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Iﬂﬁ §.59 One line diagram Va3y® Converter 183 15997% 3 MDB 2 without Filter

VTHD (Total Harmonic Distortion) Report

Voltage
Bus Distortion
Fund. THD
D KV 4 4y
Bus? £.400 93.30 9.86
Bust ¢400 02.79 9.91
Bus3 &40t 0288 086
Busf 2400 9282 891
Bus? 400 85.07 10.72
Busd 0400 9 .84 1811
Bus9 0400 §8.89 1627
Busld 4400 6052 12.7¢
Busll 0,400 G104 10.06
Busl2 0.400 7414 12.17
Busl4 0400 80.86 10.27
Busls 0.400 §3.18 12.68
Buslé .400 83223 0.93
Busl7 0.400 50.54 1043
Busl® (400 0243 902
Bus2 0400 §8.82 (023
Bus2l 0.400 0138 .86
Low Volte 0400 95.09 a.02

Irdicates tusas with THD (Total Harmonic Distordon excseding e mic

WRNTY Simulate Harmonic Voltage without Filter
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31]# 5.61 Waveform Harmonic Voltage i Bus2 without Filter



)]

a
¥

St runt

Crrent

w1

Cirys

374

Spectrum

Wl Cabies ¢ 313713 A0

Harmenic Order

3!]# 5.62 Spectrum Harmonic current 'ﬁ Cabel2 without Filter

Waveform

Time (Cycle)
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5.2.12 Ka9NT Simulate MInTavsslusindszuuWAnveslssenu 3 MDB 2

with Filter
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31]# 5.84 One line diagram 1847 Converter 2891594714 3 MDB 2 with Filter

W

i

3 & ot o

VTHD (T otal Harmonic Distortion) Report

Y oltage
Bus Distortion
Fund THD
D 4% % e
Busl 0.408 9306 174
Bus2 G400 03.95 274
Busd G400 93.37 275
Busl 0400 93.37 2.74
Busd 0400 93,30 273
Bus? 0.400 8371 207
Bus$ 0400 91,42 250
Busd 0.400 39,49 283
Busl0 0.400 70.40 3.54
Buslt 0.490 a1.63 278
Busl2 0.400 14.91 137
Busl4 0.400 o143 283
Buslt3 0.400 8384 4.33
Busls 0400 2283 278
Bust? 0400 o024 LR}
Busl® 0400 9311 275
Bus20 0403 §9.43 284
Busl Q400 0396 24
Low Vole 0.400 06.42 251

Indicares buses with THD (Total Harmonic Disortion) exceeding the limit

WA Simulate Harmonic Voltage with Filter
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