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This thesis is concerned with the development of a hybrid power filter
technology to suppress the harmonic current in a single-phase induction motor drive
via a commercial inverter. The works are aimed to improve the harmonics to be
complied with the IEEE Std 519-1992 when the motor is working at its rated. The
passive power filter is designed via the contour method. The developed filter can
reduce the harmonic current by more than 80%. The SWFA method of harmonic
identification rapidly provides very accurate compensating currents. The developed
active power filter can further reduce the harmonic current to 2.9%, while the input
power factor is 1. To sum up, the developed hybrid power filter can effectively reduce
the harmonic by more than 90%, and the passive power filter can reduce the required

power ratings of the active power filter by more than 80%.
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ANNIVNAUINYINVINTNDUN

21 umh
=* Ay A @ = o 1 A o 9
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4 a o 1 { A (% o a 1 o a
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J a o v 4 a t g - ) % av
VBIFITUBDUN mamuuuamﬂumﬁmﬁmc‘?n'imuﬂ éﬂlﬂﬂﬁﬂj'luﬁ']ﬁﬁﬂﬂ'luﬂﬂﬂﬁ

d a
2.2 ANHHNIYUVIITITNOUN
4 a A A (% A % A =
g1suoinluszuuii fe gUadudygravesnszuaniouseauldiiniaiug

3 o 1 A o = (] =\ A
LﬂumuaumW@Qﬂauﬁmmﬂmmmngagm YU ﬁg‘UfﬂulV\lﬂWﬂlﬂQﬂizlﬂﬁUlﬂEJiJﬂ'J']‘JJﬂiJ“aj']u

] '
v v A = =)

[ - a { g J a
M1n1 50 Hz é’n{muﬂ’e)uﬂuwﬁmﬁmmﬁgﬂuﬁmmwaQmmayjagm A9 100 Hz 31§NQUﬂ

v v Y v

A Y A A 2 A A 3 v A A o
U ’].I‘Vl“l’i13Jﬂ’J']llf]!,‘ﬂuﬁTWI"IGUE’N?‘I'NN‘E]HQ;‘E"IH 19 250 Hz L‘}Ju@m Iﬂﬂﬂﬂ@ﬂﬁuﬁiyiyﬂmﬂizuﬁ

uazussdu ldihfisroninndnda (03 lwdhg) seligddyarantugdaduled ieima

P4 9 i1
a1sueinvulunszuaniousedu v wih ¥ dyananszuansoussan luilniuizUadu

U

J a

a dy A s A A o o

Aaiion lUnngdaaulmiiieanvnwasimvesnaudyaia lWihyagiu 50 Hz fuasueil

v @ 1 a 4 a 3 v A (% [ a 4

SUADAN 9 AunqueImitnag1s vodniuinmananyagau liduFaduvesgingal
A

w50 lviaa lushugaduluszuu

[ 9 v
Tumsdmsgdineaduesueiniu Idimgsfounsuysiwsunlszgndly Taoia'll

€

Ao 3 = Y = aa =
tyﬂunmmmﬂymmﬂmwmﬂﬂ 9 ﬁ’nlﬁﬂlﬂjEmlmuﬂilﬁlﬁligﬂi‘nﬁiiﬂmll@ FAWITUVYULNU

e Q|

28auNITN 2.1 At (De La Rosa, 2006; Enrique and Manuel, 2001)

p o0
FO=""4 la, costh,)+ b, sin(hao, )] @.1)

2



[

A 2R o o Aa I £ F2 o
o f(z) u1gnd Wﬂﬂ%u%uaﬂymmﬂinmuiﬂ ) FIDNVUNUAIYTYYIUUDINT ST

W3ousaau aumsn (2.1) ensolouliedlugiledisieldasaumsi 2.2)

FO=c,+ Y [e, sintht+4,)] 2.2)

h=1

T A _ _ao _ 2 2 _ -1 ah o '
AN w =27f, c, —:, ¢, =+ja, Tb, , ¢ =tan (b—) HaLEINITONIN g ,a, b,
h

1danannsn (2.3) 84 (2.5) muddu

T
1
a, Z—jf(t)dt (2.3)
T
0
T
2
a, =—J.f(t)cos(ha)lt)dt 2.4)
T
0
T
2
b, Z—If(t)sin(hwlz)dt (2.5)
T
0
{ v [ 1 4 a
Tag 7 fe duauNVBITSUBNN h=1,2,3,..00
A < o a2
c, Ao mﬂﬂﬁzﬂammﬁﬂujﬂﬁmﬂ%
A o A v o A
c, D VUIAVBIFITUDUNDUAUN
A o A o o A =
¢h o uuLWﬁmmmsmuﬂamum h (15198U)
A d‘ [ a 4
£ A9 ANUIYATIUUDITYYINU (LFTAY)
A Y d' d' a =}
T A9 MUYDIAYIUNANUIYATIU (IUIN)

] J a 1 v W Y ~ 1 J
VYUIADITLONLDTUDIFITUDUNLAAEDUADY ﬁ"l‘lJ'liﬂ‘ViflﬂiﬂﬂﬁiJﬂ'li‘V] (2.6) LazMI®O1ILOULD T

Jd o = ' 4 4 a v W Y v
YoIlanTu £ (1) asnveuedlumeuuedoinlssnouveIasuelnYNoUAY Tadaaums

i @27
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a; + bj
= [— (2.6)

ch(rmx) -
V2

(2.7)

09.:’ [ 4 a 4 [ Y
wenAHUIasueHNILUVDU 9 BNASH (Arillaga and Watson, 2003)
a 4 o A . . A 1 o A = [~ o
9U1A03815101N (interharmonic) v daullsznovvesdyauniniud ludluswiu
M1asdved Y IANdYag 1L lesvnauvewal luimnulunnaiy seazwy 14
4
TuTvaallszmnmiviasuuuelsa
a A 4 a A . A J A A 9 A
ATANDITNATITUDUN (characteristic harmonic) AD miuﬂuﬂ‘ngﬂﬁﬂﬂﬂﬂmi@ﬂ
% A a a J 4 4 z:! o 9 Jd Aa 4 té [ o
ndlasduna i mSealaFaninesnounesines Fuinldglnsalaingarsninii Tae

[ Y

A I 1
veiduavuesasvetndu lamaumsn 2.8)

h=kp*x1 (2.8)

A v W J a

TaoN /1 D OUAVUDIBNTUDU

o 1
kAo wydwiwauuinla q 1,2,3,....

'
a A Y

@ a A 4 a g
UUAMTAUNDTTAATITUDUN (non-characteristic harmonic) ﬁﬁ] g15ueunNanas1alae

A o A Aa A o 4 4 Ao o o a [~
inToauasiuma i vseadadaninesneunesines Tagndusuvesasyotinog ity
Tenuanmsh 2.8)

a J a . . = 1 J A AAo o oA Y
NIINAUIFVOUN (triplen harmonic) AD NYNVDIFITUDUNNUDUAVNHITAIBAVA I
@ (] L4 a [ o A I Y [ [l 4 a o o 4
a3 1Y 15U UNOUADN 3 6 uay 91TuAY Jaoglue1TuaUNA1ALgUE (zero sequence)

= = J a 1 dy 1 a
Fluszuvauladae ‘éﬂillﬁ]‘t!ﬂﬂ@iﬂ!%%hl’l’iﬁ‘i’JiJE)gJGlu’ﬁwu’M'ﬁ@u
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23 unashuiianazadavesansuetin

' o A J a
2.3.1 HHAINUHAIIINOUN

4‘ Y 1 Y Y 1 a 4 a qg;l Y a 4
i lananMudahaunauesnisinaersueiniiuiininasinglnsol
1 g a { 1 S 1 a 1 dy 1 a Y
wie Tvan liidhududu nszuai lvarugdnssl liiduFadumariiazliglsemaiionl
4 4 13 a {o o @ @ dy .
nngUaauland Traa lidwsudundanluiloqiiuliail (Arrillaga and Watson, 2003)
4 1 < J 3 1 4 [

- gunsalsznnuiman gunseilsziniilaun wsesinsna iy
aunileni uazndoutlas i Taomeldanzmsiaulnde ludlvRailgminiediu
4 a 1 o a Ao 1 1 o W 9 1
g15uen ualuanemitinuralnavivazizdiwansznuaoszun Iiiisiae 18 wu

{ a v A [
Tugnnzimnaussgunu Wudu
J o 1 4 dy 9 1
- IMIMAONULVDIA (arc furnance) A10819gUnsalUszinnil 1dun wmaown
4 4 J a { a 4 Y o { [}
T wazmTousonldi Tasarsusilniinaainginssidszmnniiianyagh luamiso
9 A dy [ a o 4 a
maa 18 1ilosainnszuaved Inaalszian il luilusien1u uazanmsingizvasuein
T v o 4 A A a dy 9 v o Ad o
WuNdUAUVBINTEIdeIsueilntnann lrandszinniidsznoulUare suauidluiuau
1< . v o A [ o < L . 4 A o o o
1A% (harmonic) 1Az dUA TN 141 US1UIUAN (interharmonic) TAGIANIZFITHOUNDUATA
v 4
FUAWADUAY 2 D9 7 aznuan lu Tnaaeviaow
o s a f s g Y A
- AIVAUFYITUVU DN (static VAR compensator) ’qﬂﬂimﬂszmﬂumwum
o v A = [ v T o o w [ a 4 = 4
sarren1assuoniifliuliemailsznouiidevesszuy Tagordenisaiatuouoddo1s
A o v A ~ Y o a J =~ J @ o W a
metreiassuenidyase lvnuszuy msalagueveadorsiuainisdingylunismae
g1suetinuazdnnuasueiindusui 5 uay 7
4 4 d dyd 4 4
- o Tnanounos1es (cycloconverter) ginsaidszinnihiflunounosinos
a & & a A 9 @ a 4 ‘a g a do o
yuan g usalasuntlasnnudld erdonsaladuesginisioannsetindiigg
L4 A A a d? = [ 9 ~ [ 1 =
nazgsvednnaluszlianududou Tasvzaouliamdasidiuanudvedlalng
4 4
ADUNIOTIADS
Y
Ll 1 o U ) a . . . o
- BVANIENANMUUAINT (switching mode power supplies) Qﬂﬂimﬂizm‘ﬂﬁ

Y 1

v
o 1 @ o 1 a Jd 1
ﬂu11”61,6]5?]ElNl!W‘i‘ViaNJ‘ﬂQiuﬂ1ﬂﬂi’3ﬁ6uuﬁ$q¢lﬁ1ﬂﬂi‘ii] IFU ADUNUABDIFTIULAAD

e

A o 7 3 s R o Yy o g
Lﬂi@ﬁﬁﬁﬂ\illw Qﬂﬂﬁﬂ!ﬂ’)ﬂﬂhﬂ’ﬂhl‘i’mmﬂﬂi Glfﬁﬂmluilﬂﬂi%ﬂﬁ)Uﬂ’JEIGI’JLﬂ‘U‘IJizig NITLUE
9 a 4 dy =\ [ A = o Y a 4 a
mqmu@uwmmqﬂﬂimﬂizmﬂuﬁ]zumm"lmmum %wﬂmﬂﬂmsu@uﬂmmmmﬂ
Usuaunn

o 4 7 o a 4 2
- Glgﬂmmﬂﬁaummamuuﬁﬂuummu (pluse width modulated drive) Qﬂﬂiﬂl

9 =

dy Yo [ @ A
Usznnidsenouale1995589ns i LLazﬁl%‘mLﬂ‘Uﬂis@ﬂllﬂﬂiﬁﬂﬂﬂﬂﬁaﬂuimuﬂizmau

S 1

) a A 4 ] <3N A [ k4 a ' @
NNATUALLDTANA ﬂi%uﬁﬁ]%l’lﬂaw”luIlﬂTﬂﬂﬂ@i’)LM@LL?Q@MTIN@"IU@HW@]N?YIQQﬂ’ﬂlliﬂﬂu
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v v 2 o Y k4 a = (B A =K o Y Aa 4 a
anasouaunUlszy Feiildnszuaniamdunyaiinau lideriies 3 ldinaesueiin
voanszualsaNn

a Aa ¢ a
2.3.2 wardeiinaning1suedin
4 a A a dgl Y a (%
g1suvotnemaduluszuy i lavdrdonnanansznolunsavdusz vy
A A
Tl #niu wenaniudeeusounsnizatenansznuaina1d lldeszuuvesdsiniie

{ ] Y [ 4 J a
(M3 i) saudeszuuiegiiafiesldondie dremaiinansznuduiilowaingrsuein

9
[ IS

=R A o @ Q' d'sl Y d‘ o d' a 4 a A 1 Aa o
nlanudrysandesmand lu Tasilgmiidragiinaainersveiniiaeae 1l (gnive
nlsugaUTmanay, 2544)
d
WanIznUUeIssNatinaaszuy Wy
o Aa ™y o A 4 s
- fhldiRamsveeszauasuetinitiesainwaveus lsuuugoynsunaz v
- Mlimawaa (generation) N3 aq (transmission) wazms e (utilization) N4
TlihTlseansmmanas
o 4 I fqul
- fhldnuwdenan ifuwaliergnmsldauvesgilnsaiduas
- MR Tsedns IdhdauRanaia
d a
WanIzNUvYeIssuatinnaviseutladlulh
4 a o Yo o =S = o w =S 4 [ o
- nszudesvelni ldhdsgadovacii Tvaauazdasgadomasdvand
= Q' d?
(stray flux loss) HAUNNUU

s

Y 4 a o o w <]
- LliﬂﬂuEi"li3Ji’JLlﬂ‘VI11ﬁ}ﬂ1a\1Q'ﬂlulﬁﬂﬂigllﬁllﬂaﬁu(luuﬂulﬁaﬂ (eddy current-

[

o A A A A . A d?
loss) ALMAIFULAYITIND IV (hysteresis loss) INUUU
o Y a S A A 4 a ' 9 v v 3
- ‘nﬂmﬂmﬂ%uuw}f (NANUDIITUBDUN) 33‘”3']\1"1]@@'3@1’7%ﬂllﬂﬁﬂﬂﬂﬁﬂlﬂ‘ﬂ
ﬂﬁz‘qﬂlﬂﬂﬁ’ 18 (line capacitor)
d a v d' U
Waﬂﬁzﬂuﬂl@ﬂa1iuﬂuﬂﬂ@!ﬂﬁﬂﬂﬁ]ﬂﬁuhl\h?h
o Yo o = = 1 A d? I o Y A Y]
- hldEsasgapdovasiiTvaauaz il Tnaaudu Huwaih lfiniosdingna
Tnihsouninilng

s A 0 § ~ T 1 q 4 J 4
- wowesimdenhawmadolims Idundsiie idlugaaulamiszasenau
] ] < o a 1o 4 @

AU UIMUULLIMAN (flux density wave) 9onu R T iAansurSIdnaudygIasuniu
[l A A @ s 1o I A 4
pgamnniersununsainrasiiediuaaugy land

J 4 a 1 J a @ @ ! [
- fU03815W01N (harmonics pair) 1¥W 815UUNOUAUN 5 uaz 7 UAnsn W

o Y a o a =2 o Y a a J Y
mldnamsdusana saunem lvmaussdas Tsuuusae
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d a v LY~
NaNIENUVRIFINBHNNDYAA IRV
o Y a 9 = adg a . . v v
- ldimaanuieouniunioa ladiannsn (dielectric stress) NUAANVL5EY
1 a dy o ) Jya o o = v
2819110 HazANVRABUYIdy AU linamasgads ludunuilszy
v a = 4 o A Aav o w
- aunuiszgerunaanuEenet N ihuAUNIAf A
a o v { o a o
- duineugvesdunulszyerlaoull aunsat ldinas Tsuuudgluszuy
Jd a 1 A 4
pansznUYesasNetinaevld
J a 1 Y Aa 9 ] v A d o Y v vAa
- szugasueinizne lnannusouednnn ludiha mlvanvucautia
ay 4 d' [] 4 a
manar-nseuavesvhdasu ldedraunn narlunmsnasuazarevesaide1vanasauna
MIMAURana1avesig
d a G d
NaNIZNUVBIFIIHOHNADIIAE
s A A Y o Yy I o v A A A
- aswedntuud Tdui Ivsaelinisinnudias waz a5y (pickup value)
A A o Y 1 <
gaununaziinuldednsiaga
4 a o Y a o =~ d v oA
- g15uoUni 1HusamNuvess IadnaunaNg
o a o ya =\ L S A .
- mﬁmuﬂﬂﬂw@uwzmummﬂ%uﬂmuﬁu@a (balanced beam impedance-
o { a d A a a
relay) Jaszeziinanoanianaiauinnyli (overreach) #5ovietnn 11 (underreach)
J A o 4 v A
- sveinh ldsmdnszuanazusaduny (overcurrent and overvoltage relays)
lanvazauianmsiauasunasly
d a ' a dos
NanszNUvesasueHnnedimes Ia lnih
a 4 A [ 1 T A v Y o o A o
- fiwesuazinioaiani q asumsisulFdesinmssuuaennszua lihady
A P A MY - TN s Yo A s A 1 Ao Y A Aa
sunau laninanudyagiu anfudnhimesnldniuszuuitasueiinainia ldezlinnuia
A AA a o o o Y a o s a 1 o Y
waransensaAas Tyuuuglussuuumarilimanseduesvetinargeluigesily
a 4 A o . . . 1 a o o
o5 s2an9 UM o211 (inductiondisk) 151 W05 IAA-32 T4 (watt-hour meter) 11914
NaANaA
HANIZNUVRIIIFNBHNADIZUUADENS
4 A 1 Y Aa o A o 4
- gswednne Immadygiasuniulussuudoats Mlviguainveanis
dedyaraanas dyyrasuniuszaudmine ldinanuiiag wu idessuniuluszuy
[ 4 K [ o 1 o a
TnsAni uadyanusuniuszavgezildquaimmsdeasawazonildinansgade

imasnadliuseildszuudoansldms 1l
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v tg d a (Y]
2.4 ATMANUINYUITIIUIUNIINVIINISUALUASLHIIAY

1 dy 4 a 9 [ dy o A a 4 a ~

mmmmﬂum’illauﬂim%uaﬂimUﬂ’smmﬂmlmﬁaumﬁmmﬂﬂaﬁmuﬂﬂﬂmﬂu
I [ 1 [ 1 { o w [l o a o [
Lﬂu@@§1ﬁ3u5$1ﬂ'§l'}\1 ﬂ']ﬁ']ﬂﬁﬁ@\ﬂ]@\‘]WaﬂjﬂﬂTa\iﬁﬂﬂe{I@Qﬁ?uﬂﬁzﬂﬂ‘Ua’]ﬁﬂ\lf’]uﬂ@u@ﬂ
[ o 1 [} ~ ~ A A 4 a o [ =& =1 I
AN 9 ﬂ°umfmuﬂixﬂ@ﬂﬂﬂamagagmwiawa1su@uﬂ®uﬂuwuﬁ Tﬂﬂmﬂmﬂu

ol o2 s 2 o . = o ' & g
Wodisua sulesisuavesninuiauaInal diwisosenduainuneunssuea
4 a U Y [ o a

#13UDUNTIV (total harmonic current distortion, THD,) HATAIANNINIULTIAUIITHOUNTIY

(total harmonic voltage distortion, THD,) A4 1ueun137 (2.9) 118z (2.10) MuaIAL

THD, =——— 2.9

THD, = ——— (2.10)

TDD :—“;2 2.11)

]
o v A

{ 1 =] @ 4 a
Tagn V ﬁi’) A1D1TOUDTUDILIIAUTITUDUNAIAUN &

' s s A o o A
fﬂEﬂil’f]ll!@ﬁﬂl@\‘]ﬂi&lﬁﬁﬁﬂﬂﬂﬂa1ﬂﬂﬁ h

~
o))}
(o]

1 =] o A =
ﬂ'I'O']iL'f]ll!@ﬁﬂl@ﬁlliﬂﬂuﬂﬂ?’lﬂﬂyjﬁﬂ’lu

S
o))y
(e2)

=

1 =] {
ﬂ’l@’]ilﬂlll@ﬁﬂl@\?ﬂigllﬁﬁﬂﬂ'lmﬂuai'lu

1 U

~
o))}
()]

~
)}
(o]

' PR A = Y o =
mmimmammﬂixuaiwamamwmmagagm (1@%1ﬂﬂ'l§i]ﬂﬂ'lﬁl(1u 15 D3

A Y o ' A
30 UN !laju'lil']ﬁ’]ﬂ“ﬂaﬂ)

@ dy 1% A a J a o 1 Y
TEAUANUNIUUBDIT Y IUNLINGA Eﬂ‘illﬁ]uﬂﬂﬂﬁWNWiﬂLLﬁﬂ\ﬂuZﬂﬂlﬂ\i AANUNEUNTZIE

4
ﬁ?hﬂﬂWNé]jﬂﬁﬂ1iIﬁaﬂi’JﬂJ (total demand distortion, TDD) NTAUIUAIANMNBUN TS U
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9 o A A ~ A [

AUANUABINIG IHaATIVITAIUIUAINAYNITN 2.11) Taeh || Tudunisn (2.11) Ao
A A Y} Yq Y @ A

NIzud THaaNnuAYagIUIIWAINANVADINTFIGAUDIA 1% (TanundveInszua lvan

SINAWANVABINTFIgAveIszUUN1elY 15 83 30 u1H) uenanawiitauenszAUAIIY

'
13 [ ~

] Y
JuUITURIMIiag s ueilnfilivesmuatazinasgiuineateossuasuetingail
o v o & o a 4 a { @
TuszuuIisrdssududestimualSuaasusiinnesusu ldueanszuauas
% d' [} o w [ 4 a Y 9
13991 15199915 W enusandanszuanazussauasuoin livua lanszuu i 14
Ed 1 1 4 a o & o
Tagauysnl Aegraneaiualdienszgannmnuanuiniu msdimuatminee
o I~ A ] ] 9 Iy @
auawnasnu s idu Tdawassiuuunan lasumseensy aeluilegiiv
AN Yo o £ A & v <
asgunldsunseeusuuIATgIUM TS Ao IEEE Std 519-1992 Fevz 11T uuasgiu
aw y [~ o a [ 4 a
thruevesaudded IEEE lautaiumasgiunszuaasuotin uaziasgiuusiaua1s uoin
Aa915199 2.1 1azA15199 2.2 AUa19Y (IEEE Std 519-1992a; 1993b; Hoevenaars, LeDoux, and

Colosino, 2003; Blooming and Carnovale, 2007)

{ o 4 a o @ o ] o a o [
A1519% 2.1 slslj’ﬂﬂTﬁuﬂ‘lJ@\?ﬂ3$Llﬁ?ﬂﬁ3Jf)‘11!ﬂﬁ'l?i3‘1J'5$‘]J‘]J‘ﬂTWHWEJ“VI'JUhJWﬂﬂ!ﬁQﬂu

g 120 Trad 59 69,000 1986 (IEEE Std 519-1992)

Maximum Harmonic Current Distortion in Percentage of I}

Individual Harmonic Order (Odd Harmonics)

/I, <11 11Sh<17 | 17<h<23 | 23<h<35| 35<h | TDD
<20 4.0 2.0 1.5 0.6 0.3 5.0
20<50 7.0 3.5 2.5 1.0 0.5 8.0
50<100 10.0 4.5 4.0 1.5 0.7 12.0
100<1000 12.0 5.5 5.0 2.0 1.0 15.0
>1000 15.0 7.0 6.0 2.5 1.4 20.0

Even harmonics are limited to 25% of the odd harmonic limits above

Current distortions that result in a dc offset, e.g., half-wave converters, are not allowed

*All power generation equipment is limited to these values of current distortion, regardless of

actual I/,

where I .= maximum short-circuit current at PCC

I, =maximum demand load current (fundamental frequency component) at PCC

L
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M1 2.2 Fomruaueassauasueiin luan1emsinnulnd (IEEE Std 519-1992)

Individal Voltage Distortion | Total Voltage Distortion THD
Bus Voltage at PCC
(%) (%)
69 kV and below 3.0 5.0
69.001 kV through 161 kV 1.5 2.5
161.001 kV and above 1.0 1.5

NOTE : High-voltage systems can have up to 2.0% THD where the cause is and HVDC terminal

that will attenuate by the time it is tapped for user.

o v d a
2.5 UHINNNIINIVATTIINOUN
o w : os/' 4 a
mawnsodnalimeluszun i a galaganils nTensszuninmsadesueiin
1A ~ o o = 9 4 a
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DC-Test Voltage (V,.)* Current (A,.) R=V/I(Q)
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average resistance (R,) 3.766
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10 0.904 11.060

Auxiliary winding R,
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Motor characteristic (measured torque-speed curve compared with calculated one)
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{ v <3 1% a [ { {a o
M3 3.4 sTAUTYRNUOTIDUDAVBINTUALAZITIH U NN BUALT 1 §4 31 Nfida Tran

Harmonic order 1 3 5 7 9 11 13 15

Votage (Vrms)  [222.3125| 3.1719 | 6.4688 | 3.0938 | 0.7969 | 0.5469 | 1.0313 | 0.0625

Current (Arms) 3.0869 | 2.5919 | 1.7881 | 0.9469 | 0.3319 | 0.2356 | 0.2369 | 0.0850

Harmonic order 17 19 21 23 25 27 29 31

Votage (Vrms) 0.5313 | 0.1563 | 0.2500 | 0.1719 | 0.0938 | 0.1406 | 0.1094 | 0.0625

Current (Arms) 0.1056 | 0.2156 | 0.2069 | 0.1081 | 0.0000 | 0.0881 | 0.0001 | 0.0475

~ [ [ 4 a P o S A w
A1519% 3.5 STAUNTLUELAZUTIAUITHOUNVINNST IFDUNBIINDINNNA LHan

Harmonic current distortion ( for I /I, < 20)

Individual current distortion in percent of I

Individual harmonic order <11 1N1<n<17 17<h<23 23<h<35
(Odd harmonic) 3 s 7l ol 3|us |7 o2t 23]25]27]29 31
System 83.96/57.93(30.67]10.757.633]7.67312.754{3.42206.985/6.702[3.50310.001|2.855(0.003] 1.539
IEEE Std. 519-1992 4 2 1.5 0.6

Total demand distortion in percent of I, (TDD)

System 111.37

IEEE Std. 519-1992 5
Even harmonics are limited to 25% of the odd harmonic limits above

I, = maximum short-circuit current at PCC

I, =maximum demand load current (fundamental frequency component) at PCC

Harmonic voltage distortion (for power system 69kV and below)

Individual voltage distortion in percent of V|
Individual harmonic order
(0dd harmonic) 3 5 7 9 | 1L [ 13 | 15 [ 17 | 19 | 21 |23 | 25 | 27 | 29 | 31
System 1.427|2.910]1.392]0.3580.246]0.464/0.028|0.239]0.070/0.112]0.077]0.042|0.063]0.049/0.028
IEEE Std. 519-1992 3
Total harmornic voltage distortion in percent of V (THD,)
System 3.59
IEEE Std. 519-1992 5

'V, = fundamental frequency voltage at PCC
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Percent THD of voltage versus speed at each loads
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%o % % % % %% %0 %0 %o % % % %0 %o %0 %o %o %0 % % %0 %0 %o %o %o %o % % % %0 %0 %0 %0 % %
Lend=125;
Cend=40;
tend=0.3;
j=1;k=1;Lf=0;C{=0;
for j=j:1:Lend;
Lf=Lf+2e-3

for k=1:1:Cend;
Cf=Cf+0.5e-6

fid1 = fopen('Lf.txt','w");
fprintf(fid1,'Lf=%5.10f\n",Lf);
fclose(fid1);

fid2 = fopen('Cf.txt','w");
fprintf(fid2,'Cf=%5.10f\n"',Cf);
felose(fid2);

pause(4);

sim('drive',[0 tend]);
[m,n]=size(Is1);

a=m-100;

dpf=sqrt(1./(1+(THDi)."2));
pf1=PQ1(:,1)./(S1);
pf=dpf.*pfl;
Q=PQ(:,2);

if mean(Q(a:m))<0

pf=-1*pf;

end
PF(j,k)=mean(pf(a:m));
THDI(j,k)=mean(THDi(a:m))*100;
THDV(j,k)=mean(THDv(a:m))*100;
VDC(j,k)=mean(Vbus(a:m));

Y(j,k)=Lf;
X(j,k)=Cf;
save('simresult',/THDI', THDV','PF','VDC','X",'Y")
end
Cf=0;
end
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T T T T T T T
#include <math.h>
__declspec(dllexport) void simuser (t, delt, input, output)
double t, delt;
double *input, *output;
{
static int k=0, h=0, 1, in=0, N=4000;
static double Ad[4000], co[4000], si[4000];
static double And=0, Bnd=0, A1d=0, B1d=0, iUref=0, iU1=0, iUh=0, Tperiod=0;
if (t>=0)
{
Tperiod=1./50.;
if (t >= h*Tperiod)
{
h=h+1.;
I=h-1.;

in=abs((1*N)-k);

if (k>=0)&(k<N))

{
co[k]=cos(314.159%t);
si[k]=sin(314.159*t);
Ad[k]=input[0];
And=And+co[k]*Ad[K];
Bnd=Bnd+si[k]*Ad[K];
iUref=0;

}

if (k>=N)

{
And=And-co[in]*Ad[in];
Bnd=Bnd-si[in|*Ad[in];
Ad[in|=input[0];
And=And+co[in]*Ad[in];
Bnd=Bnd+si[in]*Ad[in];
A1d=2*And/N;
B1d=2*Bnd/N;
iUl=co[in]*Ald+si[in]*B1d;
iUh=input[0]-iU1;
iUref=iUh;

}

k=k+1;

output[0]=iUref;
}
T T T T

)
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e e
#include <math.h>
__declspec(dllexport) void simuser (t, delt, input, output)
double t, delt;
double *input, *output;
{
static int k=0, h=0, 1, in=0, N;
static double Ad[1000000], sum=0, RMS=0, Tperiod=0;
if (t >=0)
{
Tperiod=1./50.;
N=Tperiod/delt;
if (t >=h*Tperiod)
{
h=h+1.;
I=h-1.;
}
in=abs((I*N)-k);
if ((lk>=0)&(k<N))
{
Ad[K]=input[0];
sum=sum+Ad[k]*Ad[k];
RMS=0;
}
if (k>=N)
{
sum=sum-Ad[in] *Ad[in];
Ad[in]=input[0];
sum=sum-+Ad[in] *Ad[in];
RMS=sqrt(sum/N);
}
k=k+1;
}
output[0]=RMS;
}
e e

(V)
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Current Transducer LTS 15-NP

For the electronic measurement of currents : DC, AC, pulsed, mixed,
with a galvanic isolation between the primary circuit (high power)

and the secondary circuit (electronic circuit).

[ Electrical data

L Primary nominal r.m.s. current 15 At
[ Primary current, measuring range 0. +45 At
Vor  Analog output voltage @ I, 2.5+(0.625-1.1,,)V
I,=0 25" \%
Ng Number of secondary turns (+ 0.1 %) 2000
R, Load resistance >2 kQ
R, Internal measuring resistance (+ 0.5 %) 83.33 Q
TCR,, Thermal drift of R , <50 ppm/K
v, Supply voltage (£ 5 %) 5 \%
Ie Current consumption @ V. =5V Typ 23+12+(Vy,;/R)mMA
V, R.m.s. voltage for AC isolation test, 50/60 Hz, 1 mn 3 kV
V, R.m.s.voltage forpartial discharge extincton@10pC  >1.5 kv
(‘IW Impulsewithstandvoltage 1.2/50 us >8 kv
| Accuracy - Dynamic performance data |
X Accuracy @ I, , T, =25°C +0.2 %
Accuracy withR| @ I, T, =25°C +0.7 %
€ Linearity <0.1 %
Typ | Max
TCV,,; Thermal drift of V. @1,=0 -10°C..+85°C | 100 | 150 ppm/K
TCE ., Thermaldriftofthe gain -10°C .. +85°C 50 ppm/K
Vou Residual voltage @1, = 0,afteranoverloadof 3x 1, +0.5 mV
5x +20 mV
10x 1L, +20 mV
t, Reaction time @ 10 % of I, <50 ns
t Response time @ 90 % ofl,,, <400 ns
di/dt di/dtaccurately followed > 35 Aus
f Frequency bandwidth (0 ..-0.5 dB) DC .. 100 kHz
(-0.5..1dB) DC .. 200 kHz
| General data
T, Ambient operating temperature -10..+85 °C
T Ambientstoragetemperature -25..+100 °C
Insulatingmaterialgroup lla
m Mass 10 g
Standards EN50178
EN 60950
Notes : " Absolute value @ T, = 25°C, 2.475 <V, < 2.525

2 Please seethe operation principle onthe otherside
9 Only dueto TCR .

Features

Closed loop (compensated) multi-
range current transducer using the
Hall effect

Unipolar voltage supply

Compact design for PCB mounting
Insulated plastic case recognized
according to UL 94-V0
Incorporated measuring resistance
Extended measuring range.

Advantages

Excellent accuracy

Very good linearity

Very low temperature drift
Optimized response time
Wide frequency bandwidth
No insertion losses

High immunity to external
interference

Current overload capability.

Applications

AC variable speed drives and servo
motor drives

Static converters for DC motor drives
Battery supplied applications
Uninterruptible Power Supplies (UPS)
Switched Mode Power Supplies (SMPS)
Power supplies for welding
applications.

Copyright protected.

001208/4

LEM Components

www.lem.com
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Dimensions LTS 15-NP (in mm. 1 mm = 0.0394 inch)

Bottom view 22 Operation principle
2___ 102 R
i3 52 as tlp
| o o out
. 654 an
. T B IN tls ov
b —=
s - ‘g].e' o I v
* 123 Closed loop Output
IN 1 transducer amplifier
I,=1,/N,=£7.5mA @I, =+ 15At
1 ]
Ul 2
\ .
o 3 g
) T 14 3 g
8T
wy w o
_u;/
IxPOSxO ISmm 11 0740800
25
184 | 7 766
Back view Right view Front view
Number | Primary nominal Nominal Primary Primary Recommended
of primary r.m.s. current output voltage | resistance insertion inductance connections
turns lw [A] Voor [VI] R, [mQ] L, [uH]
6 5 4 ouT
oO—O0—=0
1 +15 25+ 0625 0.18 0.013 o o o
IN 1 2 3
6 5 4 ouT
O—O\_©O
2 +75 25+0.625 0.81 0.05 o 0
IN 1 2 3
6 5 é ouT
3 +5 25+ 0625 1.62 0.12 8\8\0
IN 1 2 3
Mechanical characteristics Output Voltage - Primary Current
e General tolerance +0.2mm Vour [V]

o Fastening & connection of primary
Recommended PCB hole
o Fastening & connection of secondary
Recommended PCB hole
o Additional primary through-hole

Remark
oV

out
terminals 6, 5, 4.

6 pins 0.7x0.8 mm
1.3 mm

3 pins 0.5x0.35mm
0.8 mm

@ 3.2mm

is positive when |, flows from terminals 1, 2, 3 to

“lomax ey

I, [At]
01 I

PN Pmax

LEM reserves the right to carry out modifications on its transducers, in order to improve them, without previous notice.
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ABSTRACT

This paper presents a hybrid method for current
harmonic elimination for a single-phase induction motor
drive. The approach employs the sliding window
Fourier analysis method to identify harmonic contents
for a parallel active power filter. An LC passive power
filter designed by the contour map method is employed
to compress some harmonics and decrease the power
rating of the active power filter. It is found that the
proposed hybrid power filter successtully eliminate the
current harmonic to be complied with the IEEE Std

519-1992 for low rated power systems.
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Harmonic current at PCC as
percent of fundamental
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