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ABSTRACT

This thesis proposes analysis and design of hybrid passive and active power filters
compensating for reactive and harmonic currents in order to reduce supply current distortion and
improve power factor of non-linear load. These are based on the coordination between passive and
shunt active filters. The main function of the passive filter is to attennate magnitude of 5" and 7"
harmonic currents whilst the active filter will eliminate the remaining harmonic currents using
current injection to cancel the system harmonic currents resulting in nearly sinusoidal input
current. The proposed technique for calculating the reference current of the shunt active filter is
based on calculation of the real part of the fundamental load current , having feedback control . In
addition , phase-locked loop (PLL) is used to generate in-phase sinusoidal signal with voltage
supply . As a result , high accuracy and stability of the compensated current signal are achieved .

The simulation using Orcad of the compensated reference current is included. The simulation
and experimental results are compared and evaluated in order to verify circuit operation.

In final part, a prototype of hybrid passive and active power filters are tested with non-linear
loads in various conditions such as half-wave diode rectifier , full wave diode rectifier and 1¢
thyristor control circuit. This thesis gives experimental verification of the performance of the
proposed technique in terms of quality index. The tests with non-linear loads under step changes

are also included in order to investigate dynamic response performance.

I



= =
naanssulszma

9 e aa a ] I ! A9 ¥g Ve
HIBUIDUIUNIEAM  HA.ATIIAT Aause 91950nYInyuiiueiege  nlaldm
=2 o 1 @ a = Lo dyo g kY = a
ﬂiﬂy1uﬁxuuzu191¢q ﬂuﬂi&WQQﬂU1uW1ﬂﬂﬁﬂuﬁ1ﬁ%ﬁﬁqﬂ ﬂﬂmﬂﬂﬂﬂ”ﬂﬂ?WWQﬁQﬂiiuqﬂ
a oo J o 9/ o a
'ﬁ']iLﬁ$ﬁ'ﬁ’]\1ﬂialﬂﬂm5'Jﬂ")ﬂ531|ﬁ'lﬁ@]5“?llﬂuLI.‘H'ﬁ\1ﬁu1]ﬁi«!'LIT]'Nﬂ’luﬂ’]ﬁ']l.l.ﬁglﬂﬂﬁ'lﬁg"lﬁﬂﬂ 73U
3 A A o o Aaw
WMﬂ58@M9Hﬂ$gﬂﬂ5m1Uﬂ13ﬂ13ﬂﬂ

v

ar d o o = =
YOUIUAM ATUUNIAN Jalnre  81sdlsziimadminanssuszuundugy AR
kY ¢ o as A A v o w & o Aaw
anuiuazoynziineIiunsesiodamdnu Inihwilavalunsiite
@ da ¢ A 1 1 o a a o
YOUOUAM AMITIUYHY  T3ldgwn  Adwumde lumsiinetinus  uay
H‘:l w22 o (=] = =
o Wnfnymnaulsziiemsisousiy L veaniaisiaanssy v
] do 2 A a a ad 1 ; 9) 1T A 3/
Auruazyse ToviduiainnInoinusauil Adsuvevovus a1 anse uazdil

WIZAUNNNIY

awv d v o
ITAU INATITATUAT

I



M
UNAATONTHI LN ..o, I
UNAATDITHIDINNHE ..o eeeees e e eeee e e et eee e e e e e e s eesseerseeseeeeseseeee o I
AT TUUTEM I ..ottt 11
5T . v
LR E 1111 i OO OSSR VIII
BT Y] s s mommunnsssssanssisinnsmenssnst emsmssmn s smss st S s AR s IX
UTT L UTIYe oo 1
11 ANUT e AU R QUMY oo 1
1.2 AN 1000 I QUL AIRUBIMITANE Y. .o B
e T s s e e B i B S S S R S 2
14 YOUIUAYDIINITIIUT oo 2
1.5 TR0 19U INUTINUT oo, 3
1.6 U5 T0m I IR0 NG IINUT oo 3

1 { W o w o = a o i
unii 2 nouinuafumsiidanssudesuetinuazmsineinanwgladunseud .......5

2.1 U TZAMIIDINTON oottt e e 5
2.1.1 WOTNTOINATH. ..ottt 5
2.1.1.1 3995NTOIITANTOURLD. o+ 6

2.1.1.2 20IATOIANMIGINIL. oo e 6

2.1.2 9TNTBINIAIWDNNI ..o e e e 6
2.1.2.1 29930 IDIRAIONANUUVYUIY oo e 7

2.1.2.2 2199305 0IMNAUBNTINLUUOUNTH ..o 7

22 MTIATIETGUATUTYRIN oo oo 11
2.3 mydsziliuaussousvedrnesnsesmdaueniindromdsiiquam. .............. 12
2.3.1 USRNOZNTLUAYAGINOTIRUO oo 12
2.3.2 UTIAULASATEUADIT BB .o veeeerereeeeereeeereeeeeretee e, 13
233 MAUTENOURMAIRIHIAN. ..o 13
2,34 SURAUSENOUATIITAMROU. . -oveoooeeoeoeeoeeeoeoeeoeeoeoeeeooee o 13
2.3.5 A10IM5ENBUANUAMAUUTINVOB BT 13

v



151w (719)

W

2.4 MITBAFUTIAIIIUTUDNTAN ..o, 14
2.4.1 MIUTVUTIANTENOUMAL oo 14
2.4.2 Y5 1o innms s 1S LONTN. oo, 15
2.5 ﬁ?‘ﬁﬂl‘h’ﬂllﬂﬂﬁllﬂﬁﬂ?’]'J!(Static Nt OO nSatOT  ovavsnsinupsunasss sanisnss s sarisi 17
2.6 MATOUIDTIADTTTIA LIWT. oo vereeeeeeeeeeeeee e 18
39 ms:ua@Laﬁﬂ:mJﬂ%’Nﬁ'af?'ﬁ"atjmﬂﬁ'ﬂmsmufgngﬂﬂﬁ'waans:uﬁ ................. 19
2B ATL e 20
UNT 3 M5 IAATIEHAI9TNT OIS UOATHYUIMUULHEY v 21
3.1 M INTIZHMANMITTINUYDIIIATOMWATWUUUYH. ... 21
3.2 299505 DIRIE WO FWULUVUIMRVUGUD .o 23

a ¢ w = a) o
33 ﬂ15']&?15']$‘H°H'ﬂﬂﬂ‘l'iﬁ%}'Nﬂ'i&!.ﬁ‘h’ﬂL‘]ngNElﬁJﬂd'N%Sﬂiﬂﬁllﬂﬂﬁ?‘lﬂﬁmﬂi.......24

3.4 MIINTIZH IHUAMTINNUYDINIINTOIMAUDATN. ...ooovee e 28
3.5 AEauAN 1 1 linuazausMWUBIVTAIAY. ....ooeeeerer 34
3.6 MINDITUUADOTNINUDITEUL . ..o, 36
D N o S A s s e AR 38
T 4 MITD DL NI ITADIUDIIITATOL corverereeeeeeeeseeerereeeeeeeeeseeeeseesseereeon 39
4.1 MTARTIANAANTATNATLUABABIBIBY. ..o 39
4.1.1 MIVBAUVULASAMUIUAMAIUYITNOUYDIIITNTDIUNATH.............. 39
4.1.2 MIBANVUNIINTOINAWBNTIN. ...eoeeeieceieeeece e 41
4.1.2.1 TVTBUDDTIABT ....ovveeeeeeeee e een e 41

4.1.2.2 M500nuuUA UAVL5EY THATI (C). oo 41

4.1.2.3 MI0OAUUUMEUNTTNTINTOUFOUTHL (L)oo 41

4.2 ATDUIWMITODNUUU . .ov vt ee e e et eaeete e e eeeeeeeeenas 43
4.2.1 MmsfmnammmninesvessunaFmungususuiisunzy......... 43
4.2.2 MI0DAUUUMMINTIINDT U9 TNTBINS AW DV ... ... 45

4.3 m‘si‘haﬂqunzﬂﬂamLﬁamnﬂﬂumiﬁwmmaa%sﬂ'mf;u ........................ 46
AATTU e ere 49



a131i%y (710)

iy

U 5 MIDONIULIDTAIUANUAZIITATTE. e 50
5.1 MIDBNUUBUAZATINIVTRIAG Lot 50

ST AUMUUSEYINAT ..o 51

5.1.2 FUNTONTINTON coeoeeeceeeeeeee e 51

5.1.3 2vsulasumida WA Lol 52

5. 14 JVINTOUNATW ... 52

5.2 299503 19 e 190 T DU A UUTIRU. oo 53

5.3 20T A T YYIUNTEUABAIBIDND. ... 55

5.4 MyvonUUVIAzadINsTosiutasnugugUasaladIndmde.. ... 56

5.5 FUSTUINONTNUT oo 58

5.6 TITL. et 58

N 6 HAMITNATOUATTRIIUYBINTITATON e1rvveeereeeeeereeooroeoseooeoooeoeeooo 59
6.1 MINATOUMRBITOUTUUMSTIVBTATON oo 59

6.1.1 Tnaaiilua995i509nTeuauuua @ ian. .coooveeeeeee 59

6.1.2 TnomiuaeesSoenseuauuanivl. ..., 61

6.1.3 Tnaatiuees InSaao sy FUsRATUNM. ..o.ccoveeeeee, 67

6.2 MIYTUTNITOUSTZVUYDINITNTOIRFIUDN ANV ULUUNAN. ... 74

6.3 HAADLALBIFINGUOINIITIRIIM. .o oeveoe e 83

6.4 m3nfSvuisuanlnasersuedn unIAsgIu IEEE Std.519-1992................ 86

T R ccnsiasiimnsenissmnsse s S e S S S SR S T 87

UNT 7 UNMAGUUAEFOIUBIIE ..o 88
T ATUHANITNADDY. oottt 88

7.2 ForauanuzmsRanIUISoA0 T ..o 89

VI



1518y (A0)

Wi
EDIEITO B ..ottt 90
e O 92
PPN Vot eeseeeeeee e e e eee e e e et e e e e e e e e e e et e e e e e e e 95
AIRIHIN Pl et e e e e e e e e e e e e e e e e e e e e 99
DIAFUIN ettt et e 107
DIAFHUIN Dottt e e e et e e e oo e e et e e e e e e e e e 127
DIAHUIN Bttt et et e e ettt e e et e e e e e e e et e e e e eee e e e 130
UTETAGAOU. ... e 134

VII



15190

2.1
22
23
3:
6.1
6.2

6.3

VYN

¥
nii
WS BUINBU99INTBINATAUAZUOATN ... 8
=) =
W3 BUINE129950 I8N TIHUVDVUIUBZOUNTY Lo 9
Heweryiiazdsnansmuaquanlifuazauniwglafunszuadunm ........ 13
P (Y v g
fTﬂ‘I’Jxﬂ'l‘mJﬁtlull‘l_]ﬁQLLiQﬂuﬂJﬂQﬂ’)Lﬂﬂﬂix"g i L 33
1 ) o
AMWITNTADTUBIIIVIATOUNATN ..o 59
1w A ::qlv T ) o ar =1
marinunmnageunnia Iihneuldeesnseshdweninuuuyuu
naznauneny Inan TUd B UdUUUUAINY oo 80
1 oo A cinv ar 9 - =
mavigumunageunia I mdaldsesnsesmhdueniivuouvuiy
ca 1 ar 1 =Y £ 1
uazwauiaenyInaa B adunuuman ..o 81

VIII



Ui
21

&N

2.2
23
2.4
2:5
2.6
2.7
2.8

2.9
3.1

3.2
3.3
3.4
3.5

3.6
3.7
3.8

3.9
3.10

3.12
3.13
3.14
3.15
3.16
3.17

Y
iy
SEUURTFIOTATOUNATI ..o, 5
Hq ¥ o w =
52UUN 1929950 50IMAWOATAWLVUVUIY ..o 7
Hq v o =
53UUN 19299305 09MAUWDNTANUVUBYNTY ..ovoveieeeieeee e 8
Hq @ o =
52UUN 19299505 09MAWDATANVUIMBUUNAY ..o 10
MsUsuUgsaNsEnoufaa WA L 15
ar o = s
A AOALUARN N UL AINT THUANDUIIOTIADT ..., 17
a d o 4 a a d
NITOUNDTNDTUVLTANDTATUATWAUTAD. ..o, 18
wanmsaiudyanaisuiudunnmsliudvesnssuavasrsuiionoy
FRUIPATETTBEDIRAIMIIIBN ,..vsmncomastnns sk messmsmsnnssnsssss nmsis nemsasens ko s 19
3 a Ao a o o w
99503 A YYIUNAUT WO IUMTUTUAVDINTZUT oo 20
25U 1WA ¥992995050IMNAUONIHYUIMUVDHEN. ..o 21
TAUYD 1WA ¥DI90INTOIMNAUNAFWIVUIU oo, 21
HAADUTUBINTIAMUAYDINVINTBINTTWUUUIY oo 23
nanms lumsldgaiSudsesueiinuuuneniinadavuiu. ..o 24
o
VAON TADZUATUYDITZUUMITADURN ..o o 24
SUAAUATTUARTFIUMITTATIEN (.o 2
TAT N TZUAFAUBEDBINIFIUMINAAD o 27
A ar = o 4 o Aa
TURAUAITUAUASHUIIAUVDIDUNBI MBI MNANIL TMUAMTTINIUNLMS
=) =
ATUANNTEUAUUUTTRADTHD . ....vevveeiererereereere e ere e e et ersseeeseeeees 28
AR T TNoIMT DUTNAN Lo smsvinmmmmimmnimen et s sossmes 29
HAAINITHINIHYDINVT IUTHUAT 2.0 30
HAAINISHIUYBIMS TUTHUAT 3. 31
HAAIMTIINIUVDINIT U THUAT 4ueeiniice e 32
o
vaen laozunsuuoaa99s AN IugUa e o 34
< da 1
TuiAnaen ( Bode Plot Diagram) veeflansunioTougUida ... 36
2995 a0Ya 1 e Y¥BINITNTDINAUBANWVUIMMVDHAN oo 37
=] o w
V0o lApLUNTUYD92993NT0IMAIOATHUUIMULUHEN ..o 37
T IUAARUDITTUUNTOUAR oo 37

IX



&
el
=

4.1

4.2

4.3

4.4

4.5

5.1
5.2
53
5.4
5.5
5.6
5.7
5.8
59
6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8

a5l (ao)

Y A
Wi
HAMI10UALNARBINITINUVDIIWTAS NTZUATATID DT BADINT
o w = ~ ' = = o
nsesidueniviuuuuvnuiiviedadol TnaaeesiGeanssuaaanion .......47
HON331009AZNATDINTNINUYDINNTAS NN ZUAFATED 19D UTDAD IS
nseamdaeniikiuuuuvuuifissedraider TnanieesSosnssuaany ... ... 47
HON331009AZNATDINITNINUYDINTAS NN ZUAFATUD 19D UTDAD IS
nyesmdsenINvIuIuURay Taa9esEonsuaaran .. .. 48
HON1I$1009ALNATBINISTNUYDTAS NN TUAFAITEE 19D UilaAD 9T
o o = A 1 - a o
nsesddueniwihuinusnuiiviediufor Tnan InTames 1ia........ ... ....... 48
HONSTIIADWAZNANBINITHINUYDIINT AT N TEUATATID 19D UIDADIDS
o ~ a o
nseamaueniivuuuuuwayTraa Insamos 1ode .o 49
< o o w
vion lnezunsumsiauveesnnsesiidaenivuuiuuuNa ........... .. 50
VIMAIUDINTNTBIMAWBIANVUIUMUUMAY Lo 51
Y = o w A
2995 Inssademelunsudamosigs loabiuuuTuga. ..o, 52
299583197 a0 T 198 BU-AWARUITIIU .o 54
HANINARDAVBIFUATUE1BBU-MATULUTIAU ..o, 54
NTATNTYYIUATEUAVABITNBY 1. 55
o d a do o
MIBONULULAZ A3 192995 Toaas A UAUUATIAINT A e, 56
o a a a
HAMINARBITYYIHBUNNUAZIOMHNNITYTZIUIAT oo 57
INTOIAULUVYAITNTBIMT BRIV IMILLFEY TIHE .., 58
. . ,
sinfuusedunaznszuaiio TnaaiihinsesBosnszuauuusadion ................. 60
JUATUUTIAUUBEATEUAUNBITIY .o 60
anlnasinszuadi lhenmnaasaneld@eoulu@ersugUi 6.1 ..o 61
sundunszuaiiold9esnsoumadn ..o 62
d‘ o - r 1
JUNAUUTIATUIAZATEUTUNAITIY ooeeveeeeiieee e 62
aulnasinszuai ldainmsnaneaneldteu lu@eaiugin 6.4 ..o 63
A 4 qu o w a P oA
jUndunTZUmlD 19299905 09MG e NHLL VYU IUINIDEIUAYY ... 64
JUATUUTIAULAZNTEUTURRITIY oot 64



6.13
6.14
6.15
6.16
6:17
6.18
6.19
6.20
6.21
6.22
6.23
6.24
6.25
6.26
6.27
6.28
6.29
6.30
6.31
6:32
6.33
6.34

a5y (@0)

3
g
awnasinszuad lRanmsneassneldteu lvudeanugl 6.7 ...................... 65
sUndunszuaieldrsesnsosideenAnvwIMuUUREN 66
S A DT BT T srsrnnssmmnassmsssms s inan s nisic 66
anlnasinszuai laninmsnaassmeldfeu lufeanugii 6.10...................... 63
JUnAunszueilalF 190 nTBMNABN ..o 68
JUAAULSIRULATNITUAUNTITIY o, S ———— 68
anlnasinszuan ldnnmsnaassneldGeu ludeaiugii 6.13...................... 69
2 A g o o = ] 1 =
sUnaunszuaiial¥99snsoamauen ANUUVVUIUINGIDEURAYY ... 70
TRV E D STV TRINTUMTIIVY 55 s ssiissiivssnsirsssas assmamnsnan sagnarnsn 70
aulnasinszuai ldnnnisnaasanivlditeu ludufug i 6.16............c..o....... 71
JUAAUNTUATR 1HINTOMNATEN oo 72
JUATUUSITUUASATEUTUNAIDIY oot 72
anlnasinszuai ldninmsnaasniolditeu ludeanugn 6.19...................... 73
v W ' sd o o & .
AnuduRussznNlesisud THD, Aunsiaguuilas Non-Linear Loads ......... 74
v o o 1 s d o w = .
AnuduRussznesisua PF funisiduunilad Non-Linear Loads ............ 75
v o ' sd o Y = ;
ANuFNIUSIEnNaesidua DF funsn/asui)ad Non-Linear Loads ............75
v @ & ' S d o o a .
ANUFNRUTIENNAesIGUA 77 NuMIIauuNI/ad Non-Linear Loads ............. 76
@ o ' ¢ d w -
anuduiussenalesidud THD, fumsiu/douu/as Non-Linear Loads ........... 76
v w ] o ar P
anuduiuisznialesidud PF Aumsin/douiuilas Non-Linear Loads ............ 77
v o ' sd o w = :
ANuFNTUTIEnNuesitua DF fumsidsun)ad Non-Linear Loads ............77
v o o ' s d o o = .
ANUFNRUSIEHNWeTsua 77 AuMstlasuuilas Non-Linear Loads ............. 78
v o d v dd o o = %
ANuduiussznNulesiiud THD, Aunsifasunias Non-Linear Loads .......... 78
o w o v dd o Y a .
anuduvussenalesiua PF Aumsu/asuui/as Non-Linear Loads ............ 79
¥ @ & 1 sd o o = :
AnuFuTusTznIesidua DF fumsiasuias Non-Linear Loads ............ 79
v a ' dad o o c.; .
ANuTuRUSIEnIlesiaua 77 fums/asuni/as Non-Linear Loads ............. 80
ManfsoumsuvaRnaveNIInIsIMawnadnamsldountlas
Non-Linear Loads U520N99550an5uauuuyaad ..o, 82

XI



eant
B
=h.

bk
w
L

6.36

6.37

6.38

6.39

6.40

6.41

6.42

a1t (a9)

Wi
msufSsuifisunnafisavessesnsesiidumadraonisulouulag
Non-Linear Loads 521an In3atno s U5 umamnasian ..oo.o.ovevevvveecece, 82
NAADUTAIEFINGUMEIAN Non-Linear Loads Uszinnaeesifoanszud
LSRN NI TAor02995N TR AN TNUULVUIM. .o 83
NAABLAN1IZHIAFUBIIAY Non-Linear Loads Useinn199si3vanseise
HUUHaNHRUNTU TABADI993NT0IMAWBNANMULYUIM. ..o 84
Hﬁﬂﬂﬂﬁﬂﬂ:‘f;’?ﬂiﬂmmﬁn Non-Linear Loads Y5£101N2995509n520a
BuUY AR UNEN Tasro1993N 50 IMGWON WY UIVDNEN. ... 84
NANDUANTIZHIAFUMLIAN Non-Linear Loads Uszinn InSmasssundy
TABRBINTBIRAIBATRWUUBUUI oo 85
NARBUANIEFIAZUMEIAY Non-Linear Loads Uszinn Tn3caessundy
TAUADI905NTOIRTTUDITINUUIUUUNEN .., 85
msufSeuiivuminanasueinuensaumunassonoutasndaiinens
N99MAENANLLUVUIUNIIDI1ALIAINLIATTIU TEEE Std.519-1992
TR INT AT ..ottt ee e 86
msufSsuivuailnanasueiinvesnseuaumasiioAoulasnaeiieg
nypamaaeniHy IV UNAUIREI019AYININNIN T I IEEE Std.519-1992
TR INTAIRDT ..ottt 86

XII



I o
1.1 anmiunmasanudinyvestlym
LY 4 1 1 o
TutlvgiumaluTatguasaiinieald Wi 1a19qvelidrudlsenovuvesginse
ad a do ' P= = '
BIANNTOUNARIA 1FU 2TIFHNTZUT WVTAIVANYUNYT MITAIVANANUATNUBIULE
() a a 1o o 4 o (o g 1
unaste Iuuuaings unastieldrses morsaldih vemesUiuanuisisou vav ey
v = E ° 3/ 3 A 1 a A 9/ ' a
agrannueuaziiuu IWufvzgmbwnldnniusesy  ednlsimumioald Wi 2
1 da o =Y o a 1 1 Y a o a 9
dauilsznovvesginsaisiannsedndanainne Iiinanszuders ueind i luszuuy
° 1 & o o A ]
Sl FevzadieilymlaomadnlsunumsinuvesglnsaiougTuszoul  wu

=)

1 9y a =y LV~ o Y a P\ 3) 3 -
91909 IMNanszumiuludgunulszgi Ivinemadomensonymslsnuduas Mamssy

9
v

1 4 a1 o a a 9 A ) = -é’
nauABITUUTRMS QUnsaldehinuAanan WuAUFITUTUNIENIANNTULTNNTY
dmfuuuamalumsudilymvesnszuassueiiniiumefonanns¥ed2995n504
_y ﬂ’: A L s s ar 4 o s
unadvidundedadalszneudae 3 daunan[z] fe Auduiszy dumileni uazddu
- ] ] o A o 9 o
mumg‘lu;ﬂmmﬂmmmi’lmqilsLs'Imuuucmu.nnwﬂﬁmwamiw’msmmﬂszuaaﬁua
a A1 oa A o el o e 4 ' s o A o 1
nniimduinaugiigananudlSuaau uamsldeesnsesuinadvdslidednaognals
152n13[4-5]18un
4 o 9 o k1 3/ o ed et 1 o Py 1
1.ummcﬁucﬂau“lumiaamrun'ﬂni‘luﬂaq"lqrqﬂﬂ'smwummLmumqauazmmﬂiwqwa
1 ar o =Y
ADNSTUNTLUATITUDNN
o e J L") 1T = ] 1
2 dnyazauliAinsngssvensnIsINadWALegiumBuitAuGuaIts  miniing
A A ° 9 9 P o Y A v
munseanszuui I Tnssadradsunlassuiudestimseonuuuisesnsealng
4 ar o a w e oA 1 q’:
3.9993N30INTNYALMUNSAVNTUAITUDUNTUAVAY AN
Py ] 1 1 [ 4 =y o @ o
4.190ansua g Inasyninaunassienuleesnseuilefas Taunugyuiuiudud
4 T 2 g/ o 9 g = Bld'l
uaudvoumasuioussnnnesiuinan  uaziligunsaiaieg luszuwdonoldidies
NNNALTIAUGINATEN T A
L) =1 o = o Y =a 1 a o s
5. MauvaInelaIuvessveinlzlusnm ldnssuanuannavesnnsog

Y o a = [ 1 = 9t s o o o =} 3
‘D"Iﬂ‘l.lﬂﬂ']ﬂﬂ‘llf’)\i'ni]'iﬂ‘SENLW\Iﬁ“]f"/‘lﬂdﬂﬁ"I’JiNulﬂ‘JJﬂ’l‘iWGJm']u'll‘El’l’J\‘l‘i]‘iﬂ’iENﬂ'IENLLElm"I‘NHI']

h.

= " =

9 g 7 a a wa =
nldudilymnszuaasueiin(é-16] Tnvlinuauiianisnsoanandiigasnysanad s9uda

[}
A

a 3 g/ A ' 1ar = A a ool 3 o b
msAadaazms IFundend  uadnalifamlusesnansadiodsemsiirlyidaulu

U S~ S

duiigeiu eliamnsainasnsessidweniiv luldauldvas

A a0 o w

naNA[17-18] 1u

a a

W
fl:l”aﬁ Y o o w = = o ] [
'J“U1HWU'EHﬁq‘lﬂu'llffuﬂ']Q%‘}'ﬂ58\1ﬂ1a\11lﬂﬂﬂﬂﬂlu1ulluﬂ”ﬂﬂﬂlﬂuﬂ"li'ﬂ'lq']uﬁ?uﬂu



5TUI9NTATDINEFNAVMITNIoIMaaeniuVLIY  Tagmsenuuuliieesnses
o 'u a o a o W { 1 o a P=%

uwadn s sanssuaasuoindua Ui 5 uag 7 dauneesnseeiaaeniivuyuyLIy

o 9 :{o ar o =Y 1 P A ] ar 1 o =Y ) 9/ o 9 Y]

MUINAagIsuolnaIuImae lavodonann1saenseuaasuonnna Uil lU+inaieiu
o a aa é’ o 3 A 3/ 1 - o 9 = o

nszuamiuetinifavuluszuy Mildgdadunszuameduunassviidnyas Indifos Lo

4
EXRIANTAS!

1.2 ymjarnesaz inglsyasnveamsinm
“luam?ﬁﬂf‘:ﬁ’ﬂamaﬂuﬁuamﬁm'swﬁuazaammmaiﬁﬂﬁaaﬁ1ﬁ’maﬂﬁﬂmmmmn
naufidunmstanswfuseninesnseamadiiusnsosdauen it uvuite
aanavesnsziasueiinfiiann Tnan lfududy  SEassnnamnszursaediedsd
“lﬁ’ﬁuﬁuaf:ﬁﬂﬁ'ﬂmsaﬂmm‘uéws'mﬁqﬁmﬂ%’zﬂﬁﬁaﬂqﬂiumiﬁ%’nﬁ'fuutym“lmﬁﬁmﬂﬁ

o o £y Y a do Yt kY
Lmﬂu"nﬂ'ﬁnszuﬁﬂmmumaa»‘mmu:-m"lﬂummgﬂmm’qa

= =
1.3 A5M5798
] Y & 9 o A oy a v A
13.1  AuAY ANEIYEYA 1AUNANY NMI uazmiansa ideyanenys
o o o =y
AN TITUDIN
132 AASIEHNITR N8990 0a UM MIASIAREAT LAZeDNULULINS
1.3.3 3109901311011 Y0999IATeIR1amen NIy uNaud 0 T s uns
a o 9 a ¥
aouRmes Taoniugaidiuilymuasniuuamand ly
9 ] 1 o o v o A Vv F4
134 adrnees uudazamuuaziihnldseaeuiunds  dimsnaasaiiondeud lu
HAZAIUNUANT B4
= o
135 ajduazinsainanisnaas

13.6 1 WouIMetinus

o

= =

1.4 Y UVAUDIINETHWUD

v ]
ar =

Inniiwusiiiifagusyasamodnuniimsmianssuaesueilndaersesnsesiidaen
Avmuuuwey TumanaaesldTnaalulesBeanszuauunadion ooz na
wosnuulSuyugaruan fise 1 kva vinaussinlwdh 1 e 220 Vims e 1Tums
NARIUNUNIINTRILNAEN  Yvsnseshdueniivuuuvuy  uagaeesnsesmdaueniiv

B4
yuunuuran  lasansanSouifisuguanifvesrsesnsesnsmuuuylddem syl



auaw ldun PF DF THD, 1 uozwavesanlnasiensueiin uazsilde 7D, v

AILUABUNNMIAULUM T IeTA Talifiu uIMTgIU IEEE Std. 519-1992

9/ a 7=y d
1.5 InssaavadInensinus
a = u’dyI o a ' o
Tuaneiinust IMinauenisinsziuazoonuuu9snseenidaen iy L LD U ey
Aa ~ =) o a o ] [ 1 r=|
numsyaunszuasuenivuazasveiin lnodlunsiausuiusenieesnseamaaw
) o w P=% F= df = 1 =S = = o L~
AUANITNTDIMAILANNLDVIWIY  swazeaiorNznannaludnednusulady 7
¥
N fane l1)il
~ o o ] IU 4 =S
NN 1 m’mﬁ]umuaxﬂfnumﬂiyﬂmﬂmm yAansuay Inglszasnuesmsnn
3 aoar = =Y o a o
TUADUNITIVY VBVIWAYDAINITNUT aaonaudse Town laannsisy
{ 1 a A ar o w o a a I'd 4
i 2 pandmgufineaiumssiianszugeiuedn uazmsdinneiauniwgiaduy
Y] =Y oW A a =Y a
dyana Mdszlunszuadivmdsiinuain uazailnasesvetinvoanszuadunnms
MuLMaIny
P ] a ¢ o w P AN Y o
UNN 3 NANDINTAUATIZHITAToIMaenNWvINLDURauR e aus ey
9/ d" = o =1
152N UAIIo1IU09299TATDINATWIAZ 1995 NI RIS aLenTN LU DYLY
UNA 4 MTODNIUUMINNNDUD9995N509  Ninasensviianluiensnsesis
L1
HEATWVHIULUUNEY WS oUTINANIT$1aD AL NARDIUBINIT DN
YNH 5 MIDDAUVUNITAIVANUALNDINAWBINITATRIN AL ANV M UNEY
imsefuwnesauguluirazsdaesndnmsadludalfsn  aneavumaiindien lu
Bl A a 3
msuntgymnnaduluiees
UNN 6 AITNADDUASHANITNARBIVDINIITATOINETH  2995nsBIrsuenTinILY
v
YU uazeInTRIMGeninvIMIUUKaY HmsuSeuifsuguauiAuesisesnsearia
3 WWUAWAN PF DF THD, wagn uagilda 7HD, YBINTZUADUKNNNAIUUNAIT 0T
AN IEEE Std. 519-1992

unn 7 unagduasdomusuuy

1.6 Uselominldnnineniinug
161 Wunuamalumsiaun3imsfnamsinssuayasedasadu3nmsma
AINDA
162 WumsiauimaTuTadlumssisanszuaainedniifaon Tnan g
\ UM IWNINTFIU IEEE Std. 519-1992

1.63  WaILIMANNIT00NUULINTNTBIMEUA ANV ULVUNANARN LV E



1.6.4
1.6.5
1.6.6

= =1 ] =
FWIAYI0L1URY7
- o { [-] L7 é

wansAny wazddeansanezih ldldsuszuu I wmitanald

o [ w Y o o oda é‘
vfluummq“lumsﬁny1ﬁmsnwwmgﬂuumwﬂﬂ‘umﬁmqmﬂﬁugimﬂwu
‘1:_‘| & &2 e g o ¢ - ¥y q 2 Y a )
Wudugmlumsinudedtnmsiidnesuetinuazauisanledadeduazde

A A = o 3) A
@odionSvumounums 1499InseuUDduY



UNN 2
= c:; LY o @ d I a d
ﬂﬁ]‘l&l@]!ﬂﬂ'&ﬂﬂﬂ]ﬁﬂ]ﬂﬂﬂ‘ia‘ﬁ!!ﬂﬂ“l'ﬁlﬁ)uﬂl!ﬁgﬂ1ﬁ'J!ﬂ‘i"lg?’i

A
auMnUnaunszue

~ ! = i a -3 4 1 a Y al
nnunil Idnanddlymiidatuilosnn naa luduGadunidumsaranszua
L4 a & - a 4 1 dyr.'i "
gsuednaiinansenutasaieszuy Ifwazmsdomsediamnme  Tuunilsena
£ ad o w o a9 = 1 9 U =1
09IMINIANTZUTETNOTUNANITNTOIWTAR NG TAuA 2e9snsoaumaduuugu 2993
nyosdwenivuuYIIL sesnsesiidueniivuuueynsy uazsesnsesiidaeniiv
= o ¥ = [ A a a
YUULLLNAY  SIWEIMITAT IR uRsTIaBURNMIA UM E T TR amsAin

o & . a A yi‘_] 3 1
iewiissnnasueinie lniudoyalumsesnuuuiasniesde i

2.1 Usziansasnses
v 1] ¥
Tawq liheesasesiieuldlumsmisanssuassvenniuansoduun 18y 2 aila

=} = =1
A9 LUVUNAFALAZHUULDNAN

=
2.1.1 2995050 Na BN
=1 9 w o Y a o v Y ]
299550 aaWlsEnaude aunudsey  Awunileni uaxmmumumaqmmﬂu

4 Pl ar o A a o " a A d; P =y
';m'mTmmumiﬂﬂwanmim&mﬂa lﬁﬂiﬂiﬂﬂﬁlgﬂizwq%ﬂ?tﬂuﬂ'li)ﬂquﬂu“]iﬂ']Tlﬂ’J'lllﬂ

Vv :
d Z i

s s l'L

Non-Linear Loads

Shunt Passive Filter

3 2.1 szuunldreesnseaunadv



s a a9y o w & o v ' s A A o a o
515Nﬂuﬂ‘ﬂﬂENﬂ']'iﬂ']ﬂﬂi]\?ﬂ']clﬁﬂﬁzllﬁﬁ?uﬂlﬂﬂﬂuﬂ’]'ﬁuﬂuﬂﬁﬂaﬁllﬂzﬁ’]n'ﬁﬂﬂ']lluﬂﬂ']ﬂJ

=Y [~{ a
anutvylFeanilu 2 wilafe

2.1.1.1 29950309%1ANTDUALT (Tuning Filter)
o o ) =) 4 = " a
ﬂ’]iﬂ'lﬁ'lu‘tl?]»‘l'.l\‘lﬂiﬂiﬂﬁﬂ’izllﬁﬁﬂi1]'E}‘Llﬂ“D”LIﬂﬂiﬁ]\ilaU')Lﬂﬂi]']ﬂﬁ')uﬂ‘§$ﬂﬂﬂﬂﬂﬂ 3
1 | LY 1 s = o w 9 P 1 P ° 1 o
dawfe Aunuisey  dumtienh wazddununeglusdvaatamilonimndeiiuices
Cd A o 9 A1 a A <o o A o A "
3 Tunuguyoynsuieii lisesnsesdiaBuiiuauddrgaiinualsuaau(Tuning
a1 1w 9 A =1 o] L= ) == o
Frequency) Tﬂﬂummmummmumu L‘Nﬂﬂ"l]'lﬂ'ﬂﬂ'JTNﬂLﬁT“I)’SLHu“ﬁﬂ']ﬁuﬂﬂﬂﬂiu@ﬂlmu‘ﬁ

O ad A dldg v Y & o Y1 A do Y w
m'lﬂ‘lJﬂ"lﬂ'I‘LI1°]m“v‘l'iLLElﬂLLWH“]fLM%lJ“U’JFINﬂuﬂJ'lllN“nﬂ‘ﬁﬂ’lﬁliﬂﬂllﬂﬂ“ﬁﬂﬂﬁ’]ﬁﬂﬂﬁhﬂq‘l,l

2.1.1.2 3903n509ANNDFINU (High-Pass Filter)
1Nl 2.1 2esnsesnnudguuiinanmamieuiulsesnsesriiansoudon s
s o 9 1 v o P o Ao 9y - 1 A A o
wiiddumudoviududamileniuiei Ididusasnsesnnudigeim meufiuaud
U D‘ d‘- { ey 3 T ' { s 1 LY
¥9429959zilAdinnudge laspuaniinisnsessiiuegduminnudinyuuazaida

UsgnovaunIwn

2.1.2 2995n50amasuaniyl

vInsesmaueniinfelvesifiguanidnsidanszuaniouseduasueinluszuy
S Taghnisaauguasesi)asfumdanu (Power Convertor) Fauifousoszniumda
10Ty Tnanfiaduasuoinlihousdunienszuatlowmdhgssu Wi Idosrummz e
il nszuaarsuoiinlilnandu lunassronioud luanufouvoaussiuluszunld
v3nseatdueniin laea luszilsznoudivesaisznoumdng fo

(1) dwasnivnszuaniousewiuasuein nszuanieussduluszunszgnasiniuudy
ndnamaesilszneuasuedinluszuy Tnserde3tmsden

@) dwmugu mnszuemoussdussueiinfidnan l8nndni (1) szgainnlfly
msﬁ"muﬂfimsaﬁuﬂ?ﬂn'smﬁﬁ'zwanim%zﬁ’mﬁwﬁfmjswmﬁﬂﬁﬁﬂaﬁuﬂﬂﬂmuﬁ
doems TaemussfunsonszuaszuanaesfumundnmIvodaz 1993

() esuasiuide whmsniuguussRumiensuauossesnsealiimauiidiy
augu @) Amua 293 Tudad laoi lziduasssunesinefvmihiiaus i
TrasslfituussiuTwadu TaomaiamslSuanunhaiad tasiivsoumsniugunssus
swegdin amdmdeilddmingjezily IGBT (Insulated Gate Bipolar Transistor) %30

GTO (Gate Turn-Off Transistor) ﬂ'J‘IiJﬁﬂﬁﬁ%‘l’l‘ﬂ”i]xE]tiﬁﬂixﬂJ‘]m 1-20 kHz.

Q@



A ] 1 a o o ar [ o o = =1 A 1
(4) NITFDUADITHINOUNDIADINVUNAIIY  2995nTBIMBenTWIzIn5deuds
ar ¥, 1 s a o A P = 4 Adg Yo
Auunasne Iiudamieni e 199505093 2a0NA AU TINEMS TN wazlunsainlady
[ ar = =) U 1 ) A o d A v Ao a
5% uuﬁwuqaﬂmmJﬂ1smmuwmuﬂmwsammuﬂﬁzqmaaﬂwmmwuﬂmqﬂﬂsm
a =Y o o
Bidnnseiindiideas
o o = s 3 A d'i = a = ar
'Nﬁ)iﬂﬁmmmLmﬂwwwaﬂﬂmmJ's:m5mamamﬂ‘uNﬂsnsamwrwvlﬂﬁzﬂﬂunuﬂiym
P - el ] 0 (= ° a 7}
gisupUn NItz IMeUnsainliuua Tuanas  MldEmsdte1nesnsoaeniinunld
3 ¥ 1
Wudnuiniuisosy AUANTANINTIBIIRINTIMAwenfineglusedy 80-95% 151

o a o = ad = u’: Y o a oA
fT']ll']ﬁﬂ"l]'l!.!,'l!ﬂ‘h’uﬂﬂlﬂ\??\iﬂiﬂi'fNﬂ']ﬁQllﬂﬂﬂﬂﬂ']u?ﬁﬂ'lﬁﬂﬂﬁ\‘iulﬂi‘lju 2 BUA AD

2.1.2.1 2993n509masueninuyvUHIY

Non-Linear Loads

h { ]

Shunt Active Power Filter

.

v o a =
22 53‘1J‘U1’]1‘11".14ﬁ]iﬂiﬂ\'}ﬂ'l's‘l\mﬂﬂﬂwlmﬂ‘llu']u

=Dn.

U

a Y a e’;, o i d o ow P

nesnseesiatiwAnnsnnuiuTnanfiainarsueidndauaaalugili 2.2 wazases nseq

o ar A da Y a [X=1 a dy S o & o _ o
Aaweniiviiimsldausiedingfezilusiaii Tasindnmsinufosesniesids
a oo 1. ) o a a W o
uwendivlizdsengdduduundssionszua  Avwnszuaersueddnlufimniansafudusy

a 1 LY £ o a = 1 4
nszudarsueinuinTnaanienadnionilsiossssnsestidaueniivezsonssuaeiue

anldsu Inaaunuumastie

2.1.2.2 2vsnsesmdaeniiniuueynsu
a y J a = o = [ P o
293nsesrilatiszaeeyniniuTnaniiadeersuedouaaslddagiiz.sndnnms
o = J o [ J a 4
H19Mve99sAsTRYiatife 29vsnsesszimsasndunszuamsueiing Inaluszuuuda

o [ [V d a aw
i lladaussdnvenesnsealiiinlansafufunssuaansueidn  29snsosialszngin,



9 1 { H 4 =Y =Y q’/’ 1
dhuadounudummusguamzinaiesuein nszuaesueinfzgaiulilylvaly
@ P 9 o~ o =Y "o =4 ] 9
daumasnield  lumendudunszuaasuoiinnnunastied lannse lualumed Tnas
g/ =& ] g/ A [ = cf Y Aaa A P -
Az suntaum lunsainunasnedanuiiouvosssunas Tnaas sufuausianus

o = ; o o { 9 = 1 1
g13ueUNA1  NIINTeIMAuERNHIU eIyt mThidudnesueinT s Naumas

Non-Linear Loads

q. { |

Series Active Power Filter

3N 23 srnuildeesnsesidaeniwuuneynsy

1 ) { ] =1 1 I=~{

nenunan  Tunsdif Inaaduuuuundsswnssumsrzdresnsowumadesodiumg
o =y =1 [ =Y P

Inavesnszuassueiinuny  feddeidovonsssnseaudazsinmuisanansldauamsei

2108 2.2

M99 2.1 Wisuisusesnsesunadvuazuenivl

Auanla NITNTBUVVUNATH 293N509MAeNAH

o w J - o w 1 o o 9/ 1 o W o w dy o ]
MsfvReIsueiin wonidaudazdnld  ud | wonddadidulaadld  (l
g = o’: = 9 = =) o_ o o
FAOIAAAIINITNTBILITUY | AIDNLTEN) HIDIETNIVANLAN

o A’ s 8
draudnavaieilosduns | 14

a A d
AL

% ' o '
YA Tng) @nnd

o w J J 1w 1 a A o n:f [ I a oA o
ﬂ']’liJﬂ']ﬂJ‘IiﬂiHﬂ'l‘iﬂ’ﬁ]ﬂﬁ'li VUBYNUADUNHAULTUDY 13J‘Uuﬂ‘llﬂ'l‘€]ﬂ?‘ll!ﬂum‘!]ﬂ~1
a (] [ U ' o W 4 =
Uaun uﬁﬁ\‘lmﬂﬂﬂﬂlmﬂﬁlﬁ,ﬂ'l Q| UNAIVIYNIIATITUDUN

qaun ouAugala id




= '
MITNN 2.1 (§1D)

3 ]
anulasunasvesnnud

R GERRL]

AuauanIniesanay lae

WIZEA1 Q g

Tunlasunilas

a = o a
ﬂ—]'ﬂwuﬂﬁﬂ'lmmaﬂ F1TUDUN

Mlfina Inaadiu Hanw
founazidonwld

MTANYUIA TAIAIFIHIUI
95n5098pa5z TS 09m3Iale

Tvaa

luifenisIvasduuay
a o o 2l
samyvuIanaeldde
- [] = o
Tagiumwiz ludmdunes

o
§9130)

UFuumasnusuenin

1 o Y = =
1R 1asnusuennHiaue

& a
°H~3E]1illﬂuﬂ’l']ﬂﬁﬂ~3ﬂ'li

=) LT o = r=1
enlnemasnusueniin

nieluvienlaniuiid 14

Mnua
Mdsnugady Yoy 1NN Wszdninw
FENI 80-95 %)
57 AN NI
du a = = o e
Hyvus Touuua nudud | orudas Tasmuguuuuuiy | Tl
L4 ¥ T 4 a
LAUFUNEITIY ieueann Tnaansoinals
) :
Taunuguuueynsuiiones
vinunasnehldifanszua
uazusaauinululaesnses
a da A o 9 a d = a "o
N153IATIZHONALAUT VDS | ADaAnT 1Bt azBun Taosia T/ s uily
FEANY
= M Yyaw A 19
A5RNLLY Hunsdie 19 18vui ludeseanuuy

= o =
131497 2.2 nJiU‘umem'm5ﬂsmuaﬂﬂﬂxmwmmmzaunsn

AuauDA 1995ATDAUBATNWUV VYUY 2995n5 09BN AN
YT
YUIANTEUA/ALTIFU ud lafdmmiznsainIvaad | ud'1d Tase1der995n5049
‘ a oA Cd = a a
duiuaud guilouiuuvas | unadwae
1Y
[ 4 = [
LA uOIIn ud '@ ud 18




M1519% 2.2 (919)

10

ANUU TR FUNSITADVUIUAUIZUY | AUNTIZA D9 BOYATUAY
wilouInaanaly 5311
HANNITHIU Mdudluumasnionsua Mt uunass sy

]
A =

Aﬂ' Y] o =1 4=} o w A.l Y ] 9
IHBIINNIUNVUYUIANNAVDINITNTOIA RN NWAT D auazive I awsoiala 14

¥ v
=< =

LY 1 A v aw Vet :u o = b v W
auldlugmin el a3ieiiteldimswamnmitenesnsewwadinldsuiusuies

o w = A o w o & = ﬁ‘.'lyl [~ a
niesmameniieanvinamdsvesginsel  FusiFonlsesnseawuiduuuyleusa

o o o Ao w L3 a

wouuumay - memuguliiesnsesdidaeniiniunhiidsanszuasfueiindisaute
i ° a w @ o
dauszilivinaidanszuauesisesnsesanaaniolumisrsesdaufiuissgluneesnses
uwadazi Iisedunsedunnasonssesnsesanas  nannlasagludanisldreesnseauy
navazdanadmIduwa kVA ¥e9993ns0danns Taolasaadanisaensesnsesdidanen

AvuLUUHTILERe IARIg1I7 2.4

v
- Zs ! zL
———- —_—
Non-Linear Loads
L
C 1
Ls L? i Chp
C J__ Laf C5 C7 th th
de J L~
L R, 3 R,

Shunt Active Power Filter Shunt Passive Filter

3N 2.4 szuvilisesnsesmdueniinumnuuuuna



1
= < d’i s
2.2 Mydnszhgnaudyana

1w = I '3 a A 4 s

M55 luTesvoemAsinldiinseiilszdninwveagndudyarunszuadunm

[ T EERY a = e{dy [ = a  dt = o A

manuunasenlsluinninsil  swerdonguiveseynsuyisos lumsiinszzinty
< o NN a 3

dayaai iiiugy 1] (nonsinusoidal periodic) Fanunauiannsaeiuieldsaiino]

Wardumy 1() W2 1 szansadoueglugioynsu lddsaumsd 2.1

_ .5 | @1
Fl)y= ag + Z[an cos(n a)ot)+ b, sm(n COOI)]

n=l

r 2.2)
3
_f (t)ar
T—r
2
N 2.3)
2
a, ZE j (t)cos(na) t) dt
T —r
2
4 (2.4)
5 2
b = I (r)sm(na) t)d
Ll
2

=Y a A ] = A U = 4
VINTAUNTN 2.2 09 2.4 UNIY a, ﬂ'E]ﬂ'ImﬁUilﬂﬂEﬂﬂﬁu TIUHUNIU a, UDT b %”L‘ﬂu
4

s 'd I'd o s P
mduilseansvesesndsznon laniuaz Talainud 1y F991055I0aUMSNIeAGIaraa s
- & H

ansaon 1ddngduuuniialuaunsn 2.5

00
f(t)zao +ZCnCOS("wot+9,,) (2.5)

n=l



12

iiie
| —b (2.6)
anq}ai+bf uag gn:tan ] :
ET)
0
2.7
(D) =a,+ Y, sin(nayi+6)
n=1
1o

e -1 4, R
C,=4fa,+b, uayx @ =tan | -

b

n

ol o a o =Y u 4
MNauMsh 2.5 B9 2.8 aunsainndinssimesslszneussuetinvesdunnaslaay

Jv o Y

=1

= g/ 1.1 PTe ] gy = o a o 1w
ﬂsmﬁauwwmammmm%w'lﬂ%:ﬁJ31%35aunsuﬂtsuﬂumnmmmmmﬂﬂmﬂmmmm

q

nszualuiidons'ly

2.3 mydszliuaussausvensesnsesmdaueniiniiamasiigamin
L4 = 9 aw t::‘ A a o a 9 v
unmmesun M lFlunnieiimedssiiudyaanszuaduynmeduumassionag

a1 dyd o a o = 9
Lﬂl&ﬂ’)ﬂﬂ‘h’ﬂﬂ’dﬂiiﬂuﬁﬂﬂﬂ?ﬁﬂ5ﬂ'SENICI.'LIﬂ'l'iﬂ'l"l]ﬂﬂiSllﬂﬁ1iuﬂuﬂﬂ'§$ﬂﬂﬁﬂ?ﬂ

[ Jd o
2.3.1 u‘sqﬂmmzﬂszungngmmsmmmr

J o o I's =1 ) '
MorsoNedvotenlsznoUANNdYag MRS IAY (7, ) uaznszua (7, ) (Hush

Irms:

[ Y =] ~ = 4 = 1 o
e 1|1!5QﬂULlﬁgﬂﬁ3Hﬁﬂ’]ﬂﬂﬂJlﬂﬂﬂﬂ?j”ﬂgﬁj‘lu“ﬂqlﬁuﬂqquﬂq}fJQﬁxﬂUﬁQ%'}U ﬂﬂﬂﬂﬁgﬂﬂﬂ
¥

=1 o o o a {
u‘ﬂz:,'i'fluaaﬂﬂ'izﬂmmﬁ%’Nmaa"Mﬁmamﬂumﬁﬂisﬂauﬁcé’fmmﬂ%’em[l9]

d
2.3.2 USIAUIBZNSTUARISIONIDE
1 Y a ' . [ J
ABITIOUDT VBIUTIAY (v, uagnssue () au‘mgm‘f]uﬂﬁzﬂmmﬂmmzﬂmmms

=] o a 4 ' 7 o { o a
uedvesdyanasunn Juiumsmveseaddszneunndamisanuiyaguuazaiuein



13

2.3.3 mmlsznouR1aafua (Input Power Factor ; PF)

s A \ s s

ANy FUAAUNTEUE ( Current Waveform) Hazyusmiavdvesnszuauazussnuzitlui
o 1 e o w P Y v ow o_ o o T ;
Mruamalszneumavedns  Felassiuudimdilszneuimdsvesneszdludined

Y a Ao

= - = LY a{c& 1 =
falsz@namueannns  nande dAaimae Wi (Wa Rerduansiita pr AR

9/ 1 Ao o u Aot "a o 9
nszuaInaluasesfesniieesiiiar PF &1 nsfuasesiiias pPr g9 (hidu 1) s ldamnse

a o 1 ~ | o o 1 a
annnanszuavesglnsaiveswluszuuadld Tashamnsatiemds lwiumudu

2.3.4 maalszneunanuRafieY (Distortion Factor ; DF)
o w 1 aa a o o’dy 1w = dy 2 9 Y]
dmsva oF flvwluinodiwusi  fusdlszaeuanuiadioudan ldanngan
[ a d g ~ 4 1 L= — =
AIUVDINTEUADUNNDT DDA NANNDYAFIUADNTEUADISOWOA  N5IWNAvTDIITUDTln
v 4 [
Tavdandmezlimgeganiiny 1 duvuedidygialifianuAadon  diunsdinsnig

v [ v
YsznouANNAANELNAIA19 uaaadufamsAafouYId R IUn SN

a 3 d
2.3.5 mMesndsznoundnAaiens31ve381548iin (Total Harmonic Distortion ;THD)
' ¥

f1 Total Harmonic Distortion Y83nszud (THD) AxinlFlumstadnunimyesnnuia
¥ y [ a T P 1 o
ionvesgUndudygiunszuddunnniiduunassofiuanaanesndszneunszua

- ' g o a o ¥ a4 1a & A <
anudyagu Tumsman 7EHD, fszAvsediunsinsizd lasldnguiWises ienesd
Uszneuanudyagiuuazarsueidnvesgadudygnaunssuadunmniedmuundesiods

o ' sd o ' ' i

annsnth ldhgasuasmmeeninld  Teedwlesibud  rap, Hewnauaasihgladu

ar = =y Cr P "
AYUINUANUHAIWYU(distortion) NIN[19]

" a oa > a ¥ @ ﬁ 9o A
ﬂ'Iﬂ‘]ﬂlﬂmmw‘Vlﬁ‘H!Jﬂ‘l'lﬂf\'l'nl'l‘ll’lﬂﬂuﬁ‘m‘l‘mﬁgﬂl uﬁ”ﬂ’]‘j"lﬂQQGﬂ'ﬁ'wﬂ 23

M9 2.3 umwmmmL1a~ﬂsu1mﬁﬁmuﬂﬂmﬂumﬂumﬂmmwsﬂﬂauﬂszuﬁauwm

100 |2
THD, = ZI (%)

1




14

]
w A

2 s = o A w
e v, :vweveussau lWihResueinsudun

5, vwevesnszuaithilesuednduduii 4

DF  :mdnlszneuanufiaiouvesnssud (Distortion Factor)
pF:mdsgneumas Wihniedudumm (Input Power Factor)
THD, AosflszneunuAniiousnesnszuaeiueiin

(Total Harmonics Distortion)

o Qs = | =
2.4 MsyaraMasnusuenin

o/

Lﬂaaﬂwﬂiﬁaﬂﬂlmswﬁ‘imﬂwdmiwijﬁ 1lsznoumaauuudmas (lagging) Nan
aovzsumda i Tuenfindniunssua Tnanseisuniunifidesntsirde Iniesean
UM AR ALY uaﬂmﬂ{’:°1ﬁ’q"lﬂﬁ1ﬁam'nfuﬁicﬂ'ﬂﬁﬂwﬁ‘luﬂmﬂﬁwgﬂwﬁwu

q

1 4 1] 1 F=| 1 1 4
war  debiisaunszdeoudomldvielumsldawis

7]

] = (=1 [ q:
Aunseud Inaamuazdlugiun
3

1 Tw A q a kY P a oy 1Y dyo [~ g/ a
wnalngjudduiannugauiolugiwdsnuanudouiiawdnds  Aomaiiiuiudedads

gUnsalfiannsasemds IS ueniiwiudunnms e Tivesnts Inlih

2.4.1 m3diudlgadnlszneuias

Taga llmsdfudgsdadsenoumdeionlddaufudszsy marziismaeudugn lides

[

-] o s = o o l: o o o '
mmsthgednenn wazlimdegadsluduesdnnn Tavssimsnugulddunulszyiwe
Ade I Idfiadds i S uenfivlndifvafui Tnaadesnssurir Iiaidalse nenrds

& " A 4 Ay a 0 a 4
Indifvanils udseiiflynuilefims 14 naan Lidhudaduenylfifaaniozs Tsmudiy
= o a a o ° ] a 1 aw
gz Iifianisvervvesnszuassueiing InaluszuuimunufudisavesInan

Ed
o o

1 A 1 o g/ ' Yo = = 9 o d
A9 Midesawey Wunamld naadieq 1d5uanumdoms daiuselddnseanszuaaive
v Y

Tnunuduiulszy  mszdnsesnszuaesyeiinegimihiinenssameidSueniivias

o o P g/ o ] 9
1nanTzuasveiini lnathszuusimuiela



15

310 2.5 msdFuilgeaanlsenauidaindh

G

1n3U# 2.5 Mumasuias naadseneudlesidsIniese @ ) Mde Wi Euenivliuy

[ o v w 1w o w
dmds (@) uazdidsliihising (s,) annuduiusansomadalszneuiidaldne

P ‘
cos=— (28)

§ 1w o a o o 1w o ar o o
iiedpdInIeensTuassuetnuuiInan  Mldednlsznenddagmlfurenlaou

d :
90 cosd 41U cosd, laad

cosfhy=—

%]

P
= (2.10)
2.1/2

[P* +(0, —0,)]

o s

nngdnzs wldnmaswihlsinguazsds Wi Suenfiniimanasnn s, iy suae
::. ' o = = o _ 4 o
wasunn o, du o, (asmstwmdsSueniinues 0, ) muddu dehldnssuasy

ﬂ’»“ o o 1 =) ~ a ‘3’
nanuaaans uazih Idszuusmie Idihiguamuazlsedniamaduy

2.4.2 Uszlarranmsvawaidsnusueniv[3]

o ﬂ. g 4 U 1 ar o s
1) ndeutasWihannsosuvanldmuiu Weilsinlqmdilsenoumdavesszuyld

o e

4 o < o
gevuazi ldnszuavessyuvananiufedds Iihlsingues naaswanasi dszuy
2 EY =¥
amns091w Tvaa ldunau



16

E 4
o

MaeIihsingnmuiude

1 1 2.11)

kVA=FkW X
cosﬂl 00362

3
as o as o ] ) o " 1 9/
2) dSudlgeszAuuseauvesssuusmiwliady  uazasussiuanasenlumeds nie

uilag

r
= =)

3) mdsgadevesssuvanauiiosnndideaadeluaiodnir Wi vesssuudy

W L I

@ o

or ' W A o 1o o w kY d? [3 Vv
dagunuimasaesvensaie WodiudgsmdilszneumdsldgeiusziIvnszua

¥
@ o o ar o [T | @ w1 o o o w
aanl ﬂﬂuuﬂ']ﬁﬂf‘{ﬁyl,ﬁ'ﬂ%gﬂLﬂuﬁﬂﬁﬁuﬂﬁ“ﬂﬂ‘]Jﬂ']ﬂ'JlI'i$ﬂi’)’Uﬂ’lﬁ\‘lﬂ'la~3ﬁﬂ\3

2
%P,,, = PRI c100% 2.12)
PF,
2

PF,
%AP,,, = l—’PFl x100% (2.13)

2
P (2.14)

P = P,

05§

. % 1—’

0ss2
' 2

ile PF, = mdalsznouidaneushmsifuilys

PF, = mwvlszneuiidanasiimsdivilgs
P, = has Iihgadeneuhnmsyiuilse
P, = ae Iihqapdondsiimsdiuile

o = o w ~

4 1
szu I 1 ola deqaydolumedih = 2R fufudionszuaasasildmdagaude

Qg o

lumesanasdy

L =

4) mdsgudelundeudasanas Mdagadelundewlanlszaeudie 2 dwu Aedids

gdelunnuminuazidsgydoluvaaianeauna c‘ﬁeﬁﬁaqmﬁu‘lu&maaﬂwmumﬁw
wlsfumunsziamisaaes deliudlysiiszneumdaligeiuuds nszuad Inarmmile
wlaszanasihldmdigaduiismnanuduminluvaaamewnsanas

5) anUuIAEEaInae tazmeveandenasldivuiainas

6) lidnuduatsulinis i



v
FUANBANANDN NIZVONNAINIANTLL ;
L]

s d

2.5 MTABBMVVAUARNNS (Static Var Compensators)

o a v o 9 o w a a1 a ' A

Anunuanndnms ldgnihunlFlumsvamehdsamdueniinitidann Tnan gy ndes
2 S &k oa 1 = o = = 1 a @ [N
IFONUUVIIA Felwanomsasuuasmhdaasueniiedesiasa Taoi luteriiaves

s a o A a o o o

m3nduau &y 3 Uszan fe dunilsnhiiinsauguéeinianed (Tcrs) Aunulsey
At = =Y o 3 o L4 I'd
nlimsmuguainglnimaes  (rscounzmsmugulneldeindrounoines  Tasezve

1 4 g ~ aw o [ P
nanmewgaieFuiigiuildluanise Tnseadumsihauudaaioni 2.6

AC system J

Fm———

S3 S4

_lm _| D4

AC system Reactive Power | ' [Current-Mode Switch control
input Calculator Controller ) signal

: o a = J
3N 2.6 dmwsauaRnNSuuLEIng Inuaneunesines

nrzuaaauannsanIugumshauluTmuamshouvesnszua ingUii 2.6 nszuavl
Y a o o o a 5 o o
aduvesdInglnuaneunesines annsanluquuunigasmaumavesmsieau (h
@ i o [ [ (Y 4 o o { { o T 4
nimiedmas) Weisuiuusein IWady Wesnnmsdiundefsuniess Tasaeunos
o’ £ 4 | - 4 o2 =1 o @ q’.;' v o
wesianudesmuiugud undsielassvesneunesinesselianuiniu dufududy
g Ul A =] o o =] [ o ar & @ 1
Ussghlsvalivinamn uazlisvesiimsiuwdanudiga uazussdulwassdasiugadaring
AmdaTWihessnnszuyady Wedumsvams marugadeludues wasimnsesy
a v = @ o ] v d 3 ° 1 o
ussiulnseldnal nnussduiianasendaufivsey safammsaauguand Taoms
o =1 = o a Cé d 7 o v a 1 LY
AuNNaTueniinINeSuazaIng Inuaneuneimes nimhiiudseneldns

AwauluInuavesnseua

47662



18

2.6 19959 UNBSIADIBIA 1 1Wlar

) . . . .
Si Si Sa

_“1)1 Ci4 ‘L;E Jng _|[ D2

ic .

TViny _ r.lfi——

+ Viny Ci J: Vde
S3

S3 S4
JE:B Cz2+ ‘%IE J D3 J D4

a 8 ¢ a d a o a 7 o = a
(a) BUNDIMBIFUASANYTAT (b) BuUnBIINDITHAYALSAT

! a s P @ 4. e @ a o
g‘ﬂﬁ 2.7 ’N%saunasmmxmummﬂlmmua:ﬂamm

suneswesithursesTumsudas Ifhnssuanse iy Iihnssuaasy  lunsidenls

a o

=1 { = s d a
dmSultitueesnsoweniniinthilunsadrenseuasase Tae995dUNDs BT iA

=

a o 27 1, o W o a < ¢ a < ¢ A
Wausad uazaawuiad fidounndetu Uil 2.7 2eesBunedimefriinadnusasess
[ a A a Jdw a o ) ar [ =1 o
ussduowiymiu +vy2  leaindminuimainssue Tuvaz@eaduusesussiauii

4 a o |a w1 o { a
-v/2 dieaimsuldsugomgdiaihay Tasmmsouanimswdounasweanszualdss

qUMST N (2.15)

A
di, 07,7, 2.15)
dt L@(

o "o = i a o d =
Tavmsidendunuyszqezdesiivinamiiunazivnalng  drulassunedinessiia
Wausad sxlimshondugaindldun s, s4 uas s2, 53 afufurhon fussdugegaasd

AU +V,, uazuseaudige -V, uazaansamimsfewnasvesnszua 1dae

B, =¥ (2.16)

v o { o 1 a o 4§ v W
lumsidendunudszqialdnnaiidoniuuunddusad  lewinvuravousedutia

ATINVIAGINT



19

v dy 2
2.7 MINeQARNUNNaTAIMANANIAIUgNIAaUvBInTIE
Y] d =Y 4
msvegaannunaiadalumaiinnisaiuguzUaduvenssua Tag199302URUL
9/ 3/ = & = — d‘e 3 g o =l =1 ar
AT NNILUADDITIVVUIAULALANDAINNITERNUUUAA1UIn TAud NS suiouny
nszumWaTInugUN 2.8 HOMINIINARIANABUYDINTZUE AMANUAMAAADUUDINTZUA
— ) =) L= -} ::l'.o Vv A ] = o
nldvggninsanhdaufuvenwandmuaivsely  woavdames e
) a a a Ad Ao ] Addw a
DINTTUAFAITEITUAUAMVDLIA UV Tam DS Fanmvuald Tesdaduulufs  ¥9979903
= da o o o Adnde o
UIATOUIBTINBTVZHYATIINTEUA (turn-off) Tuvmz lovifindra199ethnszue (turn on) 1Ty
) w 7 = a o R
waldussdwemiynnldoundasnnuiniuaviaznszua Imanezisuanaounszian

A W

' a A P = a o = o aaa
‘U'E']‘Uﬂlﬂﬁ']\“l‘l]ﬂ'ﬂaﬁlﬁﬂi“ﬁﬁﬂ:uﬂ?ilﬂﬁﬂuﬂ’]ﬁﬁ?ﬂ“ﬁ Tﬂﬂqﬂﬂﬂﬂf”nﬂi\lﬂﬁiu'lﬂizuﬁ uaz"l’f]im‘n

L o & = o i o o
AINWNISHYAUINTELT “h’\’IL‘ﬂUﬂTEﬂS‘US?J‘H“UENﬂﬁﬂ’Jﬂ‘H 114?!'31«!%1@&’3&5]5?16?11@)'11’1 t 5)31‘:1‘]1‘!

A = =
veundmneITaun

g AIZUTDIA
0 t

1

I

I

I

| -

: ” AIZUODI9Ba
A [T

|

NI
il

Qs ar a d

3UN 2.8 nanmsafedygafiduududunnmsdiudvesnszuaiuionS ooy

o o

ar 9/ =
NUNILADINDY

= 4 ar 1 a & A [ q.v 1
msUsgIananietlesnuliliifareadiilosninmsdalsesves losdfidruumazais (shoot-

[
v o o =

= Ya 9 = Y = A
through) ﬂﬁSLlﬁ%iQ%SQﬂﬂﬂﬂUi‘HGlﬂGI"IJJ'CTﬂJﬂl'Imﬂizuﬁﬁ)'NﬂﬂHE]giu%lmjﬁm JHINDIHTAN

g o

A W 1 = =

9
a Jd w o o ar a ~
doamslasmsadndndvlnduinveslediiduuuazan dntunszuasuitla fin-y-fia

gnmuauidliudegluveuuadameidanmamssduyeon o I nszuanssifins



20

ﬂ‘)'wl.‘WE]l.l ﬂ'l'iﬂ'lﬂuﬂﬂWﬂ’J'lﬂJﬂTIN‘Uﬂﬂ‘Uﬂ’Uﬂmﬁﬁlﬂﬂd an 'l‘lﬂiﬂtlﬂ']'iﬂ'muﬂmﬂﬂ'lﬂ’)'lllﬂ'l‘u

MU R, uag R, #aglii 2.9

1905AONMISUADS

N BT 299580n1016 I3l
N\ L » adndyauy
IV b 5 L dIndyaan
gﬂﬂéuﬂsssna R, 3

1994 ; MN
sunaunszua
wlaass R,
T

} Y a d o
711 2.9 295adudygraiiduudududsnsiSudivesnszue

2.8 ajl
Ay 1 = a @ o w ¢ a g 1 4y
Tuunilldndndnguiuazndnmsiidanszuaasuoiindivaasnsoaiuua e s la
unvsnsosunadn  devsnseshdweniviiuuvy  9esnsesiaeenHIUVeYnTY
o ar = == = 2 9 ay 4
uaznIsnIIfIaueniIIUIUDKAYN  591DIMTIToUINEUDITATDIHIYDINTNT DY
1 a 1 a '3 A o vq = a & A ¥
uaazyila  ludivesmsinszigUadudyavesnseud lAldnguReynsuyiseiiie s
mmdriinumwiaildilumueniguamvesgladunszus undelaznaniems
'S o [
Sinmzassnsesidaeniumuunaui i Flumaiiie i uumamad miuns

ponIUUAD 11



UNN 3

ﬂ'l‘ii%!ﬂ‘ﬂgﬁ?ﬂiﬁﬂﬁ@ﬂﬁ'lf]i‘l!!?)ﬂﬁ%‘Glluiu!!‘ﬂllfdﬁll

Y 1 = = o a L4 o w
Gluﬂﬂﬁ‘i]gﬂa 'IFJSQS']UﬂglﬂﬂﬂlﬂU'Jﬂ‘l_lﬂ"l'i':llﬂ'i'lg'ﬂqq i]'jﬂﬁEJ\Tﬂ—lﬁqu'aﬂ‘ﬁﬂﬂ]UTNH‘U']JNﬁl]

Taoutamsnnsaneendy 2 dwunanldun  dIuv099995nIoUNa B LA TIUYD 1993

o e A L i
nsestaueniivl 2sesauyaniladauanasldnegii 3.1

Is Zs
VP 2
2 *lCF
w@ lc (4) Zr 3Lr Cﬁ) ir
RFr

" A - I
317 3.1 2vsauyanianavesnesnssamaueniuL ML UHETY

3.1 MIIANLRNANMIMNNUVENINTWMNETHIVVYY (Tuning Filter)

is Zs
l 'a e o e et
iry = Cr
Vs Zr 3Lr ir
RF

' 4 &
317 3.2 2esauyaniianavesesnIewadi Y

2995n50ana a5 enouduesnlsenouRidluunadw laun dad iy aandieni
v d v g J 9 Ay o o I's = a
uagduiudszy Uszaouduitiuresuazdovunudiu Inaaiidesmsiisaasuein 31U

4 O
3.2 udasvsauyaniandveesnsewmaduuugy Inanmsiiufe 2993050902



22

' ] 1 ]

o a Y 1 a A o a4 ¢ a A9 - | 1 A w 4 da o qw
'VIW]'31841'}13Jﬂ'lﬂllwuimu“]5ﬂ'l'ﬂﬂ'3'lllﬂB'Iii.li‘}uﬂ‘fmﬂdﬂﬁﬂ"!%ﬂﬂ’iﬂﬂﬁ'l’.]’ﬂﬂuU‘HuQﬂﬂ'E]‘Vl'lol'H

a o 1 o ~ o v w d a a J a w a1 a A
mmi'IcmuuqﬁzH'mmmummﬂummuﬂﬁxﬂumsmmmnmsmuﬂummua:nmauw
C4 ~ si A A 7 =) a v o _as v
LAY I ‘Vlﬂ'.]']llﬂlqllI"Ij']i.ll.‘ﬂﬁ)‘l’lﬂ'j&’L%ﬁﬂﬁllE)‘Llﬂil"lﬂiﬂflﬂV]ﬂﬂﬁﬂ’l‘iﬂ'lﬁ]ﬂﬁ’m'liﬂvlﬂﬁﬂ'm
¥ oA A 2 a4 & a A w v
’N‘i)ﬁﬂiadllﬂﬂtl'lx‘iﬂxﬂ’m ﬂi:uﬁmumwammmsnﬁmimJmsmuﬂaﬂmtmzuaﬂymﬂﬂa

= a .5 T a A 3 = 7= "o
I,ﬂtld"l"']fuii']ﬂ‘u‘uTﬂUﬂ']ﬂiJWLLﬂH“ﬁ‘UE)\TNi]Sﬂiﬂﬁ&!WﬁWﬂl&UUguuﬂ“ﬂ’lﬂU

1
Z, = R+jQmL——) 3.1

275C

lugumssgwunm z, sslimdiganiiu R doununand £ih £ AW Tauusae

f, = ——— (3.2)
LA
27 ki
, = —<F (3.3)
RF

[
Ad a

iiin £, fo ardifas Tsuuuduionuiasueiinfidesmsiia

(9,5 ﬂ't") mmﬂssaauammw

mnﬂgusqﬁwmma{wﬂ (KVL) ‘um'N%sn‘saaxsimtnucﬁtuﬁauﬂsu

d 1
Vs=iR+L—+— |idt (3.4)
da C
Tdmguimsmaalans
1
LsI(s) +—1I(s) + I(s)R =Vs(s) (3.5
Cs
1
I(s)(Ls +—R) =Vs(s) (3.6)
Cs
Vi 1
Z(s)= e =Ls+—+R (3.7

1(s) Cs



23

2
LCs +RCs+1
.. s (3.8)

Cs

=1

4 ) P J =
Lﬁ'ﬂ‘u'lﬂllﬂli'ﬂ (3.8) ﬁ1'ﬂﬂﬁﬂuﬂﬁTﬂNﬂﬂﬂ'ﬂﬁuﬂqnﬂ-l\1ﬂ1'1uﬂ‘llﬂ~3?\1ﬂ5niﬂ@ﬂ’]‘iuauﬂ

h.

musouanslddasilin 3.3

U

Frequency Response of fifth Harmonic Filter

|
10 e EE— S .

Impedance Z (ohm)

Phase Z (deg)
o
1
|
1
1
1

_50 F—— i N W (A ————
i
— i
10° 10 10 10

Frequency (Hz)

= = -
g‘d‘n 33 Hﬁﬁﬂﬂﬁuﬂ\%‘nﬁﬂ'}’mﬂﬂ@ﬁ?ﬂﬂiﬂiﬂﬂllﬂﬁ‘ﬁﬂuﬂﬂﬂu

103U 3.3 UAAINDABLAUBINNANNAVDINTNTBINAFHLDUIUINg Yoz Ny
a o Cd = a1 o A A o 9 ] sh:ld' a
duRuANT Y9I s DN EWazTimduNe Nz Idnszud Tnar i 1d@na 1015 T

o w o v o 4 o & @ = a A
uuugvasdunulszy (c,) fudunilonh @) Fildeenuuy3iassduanudaniuetini

dpamsmia wanmuinAfenszuauIIraIeTinaosziisriueilnanas

3.2 199snseamaaennWuuVvInUitaue
Tuﬂﬁﬁ%15mﬂﬁaﬂﬁ"I.:J'L"L'Im%uf’r’uﬁﬂssnauﬁ"wﬂmmmmﬁgﬁgmH?aﬂs:ummnﬁﬂ
nszualvass nszuadueniil unznszuaeriueiinswegdeiu e liundstwindios
ﬂszxLﬁﬁﬂa1n3gajwuuﬁ11§u Taldmdnmisvensesnsesdidaeniinuuuviuadienssue
ludnfidunszualilase aszuafuoniinl waznszuaasueiindaswtuSsnhnszuaya

weihvnamisuuaifemeassdudwiadh i) lussoy MidnszuaunaswoiigUaduiiy



24

L4 ar a o 1 o o a ¢ A o

T rnmdnmsuazufadenaduinszud Tnaaunihmsinsiedines Iunssudya
¥ a & Y1 w Y Y o ¥ o

1u9 189 Fevz lananiuiidedsld udnhlldnesaiuguaszuai i dnszuavamy

a a a Y a Ao ¥ ¥ A v Y
"'ﬂi\uJﬂ']'5ﬂﬂﬁ1ﬂﬂ531lﬁ“]fﬂmfﬂa’mﬂ\?‘ﬂﬂ’lu')m]‘lﬂllﬂ']ﬂﬂﬂﬁﬂﬁnhlﬂcluﬁgilﬁ

1L

— - =

i i faHe

Power Supply { Non-Linear Loads I

Lat
C«E ——
Shunt Active Power Filter

51 3.4 wdnmslumsldygadsulparsveiinuuuneniivestiauuy

= d as 9 Y o A -a d
3.3 MANTITHHANMIAININITUABAIYED 1989V INTB RN N aIn S
11n3U7 3.5 uaasvdenlaezunsuveannssmiuguitldlunsiinsiedsumanssua
] ¥ )
saupud 1989 TaoAnrsannszud lmfifimsAafiowiionnTnaa liifhudadu nszuanan

G,®) Usznoudi 4 ssmsznoundnio

Power Supply o\ #' Non-Linear Loads

T;, Rs Ry
c..xE = Ls Lr

Cs Cr

Shunt Active Power filter

51,54 * f $2,53 Shunt Passive filter
Vs(t) Hysteresis
Controller
Y ¥
Phase-Locked ic(t) ic(t)

Cos Wt

Low-Pass
B P Integrator » |
>< Cal Filter 4 = X

()

4

317 3.5 vdenlaezunsuvesszuumsniugy

i ()i, (0)Fi, ()i () Fi(t) (3.9)



25

i o
Taoh i Avosndsznoulvase
P} =
i, AonsziaLeniv
=} = =
i, AonszuaIHENIN

-~ o =Y
[, ADATSUTINTUDUN

NAUNTA 39) mm'snmzmuwwﬂﬁ'ﬂuaumﬁ (3.10 ) wazlumonveenszua

s

4 = ' .ﬂ' ] o s oW oW [ i
ﬂ'l'iil'ﬂuﬂlll]ﬂﬂﬂﬂlﬂu 2 lﬂﬂﬂJﬂlﬂuNﬂijﬂﬁgﬂQTQ miuauﬂauﬂ‘lmuﬂuﬁ

0
i ft=I, + I, cos( Wt )+ & sin( (Wt )+ lejcos(ZjC!)t+¢zj)

=

e 0]
+ z Lyyqqy c0s((2k + 1)@t + ¢2k+1) (3.10)
k=1

alszanawes 7, awnsam ld Tasmsinsannnwaguusanszua Inaa luaumsi

3.10) Fudayana lnidu-meafuussdunaas | ddaaumsi G.11)

1 1
i, (t)cos(@t = I cos(t)+ —p[l + cos(2a@t) ]+ —Lsin(20¢)
2 2

D Lo,
+> 2L cos((2j+1)0)t+¢2j)+cos((2j—1)a)t+¢2j)]
2

J=1

0
I
+ 3 2 cos 2k +2)0t + B,y ) F cos(2kt+ @, )] (3.11)
k=1 2

a P 9y ~ ] 1 o’: =2
naamnmsgaluaumsnG.i1) desmsmenveslassidiunm I, IMUUIINUMINGoY

]
o

LY a:ia; T == a o' J 2 o v Y = o 1
AWRDINTRIANUDMIUNTANNDRNYUAIND @ Tz 1A 1A L, fflus Taoilszanm
td

v i (1) wawmhnhllgududganalsidu-matuusdy Hdlddnlszanaves

Y

nszaenin i,(t)

Il I v 1
Wesenlsznaunwudioienszuaueniinviniu (,(9) nnaumsh (3.12) wdunnld

] 0o w & e ¥ A Pl = a I
17995 nsoadaeniviiminsesndszneulnase nszuaSueniin uaznssudaIsuo
= 9 ar [ o’: 4 1 ~ = v o
unlvnu Ivaaunuy MU HFVENUNEINT SR TN NNLAZIINANUTURNUTAINITONT

Y a 9 ° o P o
ATTUAFATED1984 14 laanisiheaddseneuvsenszuaueniavoonvinnseiud ITvaniiia

lausrasdaaunsi 3.12) MR ldanszudvamred1ads i (¢£)Nfeams



26

ic(t)ZiL(z)—ip(x)
:iL(t)—Ip cos (Dt
i I=I, +1p cos(l)t‘*‘fq sin (Dt

i .
+Zi[cos((2j+1)a)t +¢2j)+005((2f—1)a)‘+¢21)]

J=1

cO
1
+ 3 2N sk + )@+ @y, )+ cos2kan+ @, )] - 1,cosr (3.12)
k=1

d‘l = = =
e IP 1D Llllﬂuﬁﬂ‘lfﬂﬁﬂixuﬂllﬂﬂ‘ﬂﬂ

s Y da a [y
cos(r) Aadyanmgiadulanisumaiuusii

v
FalunIzUasAsEd198e Ao
L(t)=1, +Iq sin (Ot

ol A
+Zi[c’os((2j+1)60t+¢2j)+5’03((2f_1)a)t + ¢2J )]
=1 2

o0
I
+ 32 cos2k+2)0n + @y, )+ cos(2k@+ By, 4 )] (3.13)
k=1

a I's [ 9} = A.I. ar A &
91115 UATIEH T aT R THarAred 1B sonaauiugaiudegiliz.ei
Usznoudogdndunszuaivan  nszuaueniiviaznszuayared1adain 1d Tasmsiue
S P ad; o ' . {
nszuaInanaudonszuauenii  Feastidlumsmunuuuugdda  vilda i (£)nlad
anugadeaaziiugid  Tailmswanngduuuidumsauguuuuguiauaziiuaeesdud
wsadhnfiensnaeuanizmahadiigan1zegii (Steady State) Tavf A7, Ao
a A ¢ A ' ¥ @y w9 = Y
2espuiinsaiiuguiielsuaasinas ldidhganveddwds  sawdemsadadygn
v 3 ¥ 1
Tanisu-mlasuusaiuiitims1diadengl (Phase-Locked Loop) faiiudiminszudueniini
o 1 a 1 e J
18 1JaveonsinnszuaInaaildldmnszuasasudredalinnugndoanzuiudigeaiu

waznandnmsaenanannsasenuuuiiiulnseznaenlddegili 3.7



27

i (1) A

i,(1) A L\/. L—\J

Ui 3.6 3Undunszuanldlunmsiingzd

Ry
N R, R, .
> X, x : i(t
G >l 1Y 4 c(i
el
cos wit
i,(t)

31 3.7 20955 enszuavasediedenldlunmmanss

o

13N 3.7 wananesadunszuaaed it ldlumsneans dyanar cosot uaz

v o

o .

= d o { o
dyanunseud i@ goilowdhledgul  uaziewiyni ldvzgnileudinesnsesnnuiem

L
'
=

L] o g Y Ao :i s n’: 1 a A di o g/ =
mum“lw"leam Alp men:iulaUuuﬂm'ﬂmmnuummq11'5au‘nmmmamﬂumnimmmﬂ

[ s

= > 1 1o 2 4 { o o °
anaswazasnaeumsdgantzegirdueinni lade 1, ndanninhliguiudyau



28

o

¥ v
cosot  onasath e ldduanavesnszuauenidndumadiuussdu  udnih llaududuain

] oo
Y a

1 o o { a A
yoenszud Inaa laoriuasesavi dnszumeoniynit A udyaunssuasarediadei

Y
ABDINTI

a g o oW
3.4 M3AnNEHlnNAMITNUYENDINTBIMAaIenNN
o o o = = J 4 _ ‘; _
MIRIIUYe99TNITBIMFeniinesiRaTuiegUnsalaInFevearsrsdunesines
feamsilasuaamzainduas laloaszgnldilludiuaiguldimssimmdnussnang

L, oz C,, lugdvesmanlasuuilousadu v, tagnseud I, muiiay

mwuuy

A

Vde /’\q

(0t
VOUWATNABT ALY ATLUADTA
i - .
|
> 4—S2,S3 on

nIzLAdINBa

""'”“ijnﬂ T
DL L

=)

{ : o a s s ° ~
g‘ljﬁ 3.8 E‘ljﬂﬁuﬂ'ﬁtilﬁlmw‘iQﬂU‘IJ'PJQE)UL’JElﬁiﬂﬂﬁﬂ'IﬂJﬁﬂ"nze[HMﬂﬂ'liﬂ'lﬂ'luﬂllﬂ'liﬂ'?‘ljﬂu

=) S =
NISUTUVVITIAD TN

= a d o o o =
51 3.8 MInAMmunIaNNTeINIIEENsuYeINeInsesiaueniii Tasioisan

o L= W
Tﬂuﬂﬂ']i‘nkﬂuuﬂﬁ'ﬂﬂﬂlﬂu 4 Tﬂﬁﬂﬂﬂu



29

Tnuamsiiaun 1

S1 S2

[ Dr D2
ic
Cdc
Ss3 Sa
D3 |[ D4
(2)
Ve -\ __________ =
el .."‘--.,.
"'4-. -~
~ -
\\\ ”f’
-t
ic(t)
/ .'."N--.
R = -t
die/dt > 0 S e
ie>0 ...-"'--.___ ’,4”
vinv(7) Fe—————
]
1
—P- 1
0 HO H
L pp—|
—M1-»i

(b)
77 3.9 uaasmsiauvees lulnuain 1

vingUlfi 3.9 annemamanld 8,8, vinssua waz S8, Tithnszua nszua i glna
I S, 8, ,C,, oz Tnaru lfsaeiiansenvesmdstiy dnssue i, > 0 uagdnnmsulaou

1 ﬂl l; o 1
wilasueanszud i, Heuiudiu di/de> 0) vinauseiuliass v, sziiiiana

A
dic —_ Aic Vfﬂv — I/S

1o B S
dt A L,
Ai L
{ — ¢ af 3 XY a o a I's I'd
Tau# Ar=——Taz ¥,, =1V, YusgdiuanizmIiaInguoiounosines
-y
§

inv



30

g 0—t, , ¥,, =V, , Ai, =+058 | Ar=¢,

0.5BL
a 3 i = —i_
JHU 0 A
Vde _VS
O.SBLuf A
Vn’c = + VS (3.14)
t

Truamsniaun 2

-t

ie(t)

/

diddt<0f TSeal__ =
ie>0 ."""u.___' ""'
er(f) -------- pe—————
0 [ f‘f: Pt
1
[~ M1-—p¢—M2—p|

(b)

510 3.10 uerasmsiheveasluTnuad 2



31

o i al i 4 = q‘ J s &

TruaM iR 2 uaasiagii 3.10 Wenszud i, INNAUIUDIUDUIALUAINILANIH

1% 5,8, muathnszua uazdali s,s, vnszud nszud i 93 lnar D, D,C, uagnariml)
fasuiiansoavedunastie a1 i> 0 wazdasimsidsuuilasvesnsaue i Usaaasann

g Y oA &
(di/dt <0) vurausau Trlase v, sliauiuiu

Fumunat, -t , ¥, =V, , Aic =—05B , A=, —t,)
—0.5BL
v & — W
Adtin (1, =1,)= A
—VJL' —VS
0.5)5’1[.%r A
Vdc :—--—-Vs (3.15)
(¢, —t,)

THuan15M19uN 3

S1 S2
D1 [ D=2
ic
Cdc
| s
Ss3 Sa
_J D3 Da
(2)
Viclked e
Sas”
"”"'
-t
ie(t)
e = Pt
"'”'
di/dt <0 1
ie<0
Wlw(t) ———————— [

]

1
0 HY ty :t: -t

¢~ M1—pt¢—M2—Ppl¢—M3—»

(b)

517 3.11 wanensiuvednnesiuinuei 3



32

o { a o o [ a o o "
’fTﬂ’l')ﬁﬂ’\'iﬂ’N'm‘U‘ENI‘I"iiJﬂﬁ 3 74INY SI,S4 WUINTSUT TIUAINY 82,83 ‘Ht‘lﬂu’lﬂ‘imlﬁ 1.99

[ ] [ d "o y s 4
Tvaru S,.8,.C,. taz Inarulidelarlveaumnasine e i< 0 uazdnmanavuilasues

ATEUE i Tf1anag (di/dt <0) AWsInYel v, Jvuiaanng

gramunant, —t, , Y =V, , Ai, =—058  At=(, —1))

. —0.5BL,,
A9 O, —4)=—~x
s
0.5BL, A
v, = =,
(t,—¢,)2

Truan 3w 4

(3.16)

(2)
Ve --"‘-,_ -__’__- ------ -
\“—’ "‘-..
e
\\\
-t
ie(t)
-
il ™ t
o -
i~ /f
-
dic/dt > 0;
Vinp(L) oo e o e g
0 to it ta ts Bt
SV S

¢~ M1—pig¢—M2—pl¢——M3——Pi€t-M4->

(b)

51U 3.12 1eEaIN1IiINUYe92995 lu Tnuan 4

G




33

° y a o 1 a o
Tnuamstaniiaing s,s, shnszua damuadng 8,8, ngmhnszue nszud i, 9lna
v 1 a 4 U 4 . s H
fD,D,C, uazlnarmildelmivesumdssie ile i< 0 uazdnsimsndvunlaaves

" 3 " ¥
Aszue i, szfmfiudu di/de > 0) vnaussiuTuase v, szlivinamuiy

grsmun t,—t, , Vo =V , i, =+058 , Ar=(t,—1,)

inv

0.5BL
s —y ez
FarTu (, —1,1= W
Ve Vs
0.5BL, A
s 3 (3.17)
{7, —d4,)

o i, Tidannsudevouwaddiniuquazdald s, s, ngmhnszua uazdali s,8, 1
nszu mnszud iszgnidaliegluvoniadmaeiFaamglaiuuenszuasaisudneds
w . oA a o Ao 4 o o
TaesnruguasEud nszud i, inannmsidsuulaussaungs Fagunuilszy nseey
o o 4 i 1 2 g a =] o ol
dunssan 1AiloogluTnuaiiz uazs FaduTnuadng Inioes Taoifiundsnunnundaiy
1 o A ) a s oA o P
wazazsowdeauiiongu Inuausadunesinesie Tnuail 1 uag 3 sei 3.1 aqudane
0 o a a v o o o A A .
msaiinanamsndeuuasiussiuludufulszy ¢, Wiefams Inavesnszua |,
o o ' Y = a Tl ar y 1
Tuneunedined nsdl i >0awssdn v, sxiinenidga hivhiuiiesnindwinuazauves
= 1 :‘l | o J 1w 1 0‘/ e =) st =
dijdt  Defuandeiunazivedfumdvazveaussiuliioy  wazmanduninmeve
a 3 A N = o J 1o o Yy a
Aszudzfavile i<0 msnfouuaaseinlnaseiuegiudnsasyenszuaertoiay

= = A
YDULURTTADIYT

P a Y -]
M3190 3.1 aanzamslasundaussduvesaaunuilsey (v,)

Mode1  i,>0 Wag di/dt >0 AWIIAY V. aADg
Mode2  i,>0 uag di/dt <0 AMTIAU V,, iy
Mode3 i <0 wag di/dt <0 AWIIAY V. aADd
Mode4 i <0 Lag di/dt >0 AMIIAU V, iy




34

3.5 paendimalaniinuaziade snIMuesIsnIVAN

7l v o wa = ° '

ulnmes miludadmuagaaulianelaninuaziadosnmueaanasiuanszuasa

Y a Y
191984 1AnA

< o
1. Hardu Toudounugia
o = ' a J ' 4 LY a o Ld

2. dlsfidusmsiines gu mnaudnmesvosiguunzueniagavesdayanarla
pu-tanus AU

3 HAABUANDINIIANNEYBIIITNTDIANUAGIHILATInaR DA N MYRABIYBINTTIA

FALFUDIDA i,

Multiplier  Lowpass Multiplier Summing
) Integrator
gain filter gain node
( ) 1 1
| — ou t
sTot+ 1 sTi IF(Lg),u
input L.(S)

51 3.13 vaenlaezunsuvesrsrsmuguluglana
U 3.13 uﬁm"lﬂazsmsmmnqﬂ?]wufmqnsﬂ’mﬂuﬁ'l%"lumﬁmﬁwﬁﬁmmuzmﬂﬂ
- PN W
wiln snudenlaozunsudsniesnsesnnuidirususunifaazhmuainy o Aeaina
o o o Ll 1 o o
ulnimes Tudagudummsn/aouuacussdu ladu-ma nngtiuToudouuugiila Ges)
werasdaarumsh (3.18) wasiledduTouthonuuguTauaasdsanmsh (3.19) nnaumsiiiy

= - o o L) a % o 1 o ﬂy-l Q2 a A
T'ﬂﬁiuI,ifUﬁﬂuﬂ'ﬂﬂ'ﬂi‘llLﬂSiJﬂ’lﬁNﬂixﬁ’ﬂﬁiuﬂﬂﬂ?umuﬂﬁﬂ AIUUMITVIULTDYTNINITUD

2

(94
Glsy)=————— (3.18)
S'Ti(s'Ta-l'I)
a’ [z,
Hs)= 2 (3.19)
, . 1. &
s +g—F
T T. =T

o o ]



35

v
auauiansuavsvouaviivadaludrd i udrsmuanansuausamalauiin

=

¥9979958 0 sidAsuutasniedmsuynainmsdunanuinavisadad uuuy

= 1 ' 4 5 -
underdamped F91¥A153n 919 overshoot NNIBINWNLUAL settling time na

[ < o ~ 1
audnyuznsnsesvesileddulouthonuuglidla Gs) luaumsh (3.18) Unadems
v ' b4
ADUANDINANNTBYAIBI2995 MINTUMSh (3.11) muszia I sguuiuguminsesly
{ Q1 o Vo = <, & ' 4
moui il vase Tasanwddmganiniy o @nudwud) Fazldin)ssnaves 1 WA
1 9 a1 oA ) a ! e " deg LY a ar
M G(s) vdnsiinnfivanedinium o uazaudngInd Tumenhiuenuauinamn
o ar o 1 a 4:5’.’ 4 = " ~ . ~ kY
mnsnsesfsnni ligmsAafiouvessiueiinunmnszumieniin i) () Nsznalduaz
Tunszuayarsndmnla i @

= ' P = o o o
PNTAUNITN (3.19) %3W‘]J']‘]ﬂ’l'jlﬂﬂﬂullﬂﬁﬁﬂ’li’]ﬂm@i'ﬂﬂ\‘n\?ﬂﬁll'mﬂ'l (ﬁlﬂﬁll“ﬂ]ﬂlﬂﬂi“dﬂﬁ

e

“naazteuldgadagalmidu-mle) unudemsnffounlasly o whldiledidulou

e =

a - ] u d A 1A A
1Ullﬁ$NﬂﬁﬂUﬁuﬂ\1'ﬂN‘1ﬂu'IﬂJﬂ‘U't‘N'NﬁJ'iﬂJf’lﬂuiﬁﬂJ lmﬂU'Nul'iﬂﬂ'lﬂJﬂ'fJ'J‘IiJﬂ'ﬁlﬂf’IU‘NH‘]Jﬁﬂ
~ d v ' 3 @ u’: = [ T A 1 A W A A
INGAUANHBUINTUY ﬂ&'luuﬁlli501431’I'Nvlﬂu']Nﬂi’ltﬂﬂﬂﬂqulﬂﬁﬂuuﬂﬂﬁﬂ5'E)ﬂﬁ'l’;]ﬂﬂutl?‘lu\1ﬂﬂ

lifinaseanzogimsonnugndeussians

M1300NLLUMUUARINITITIADT A1) ]
ANAINIFIVEI9TNTOINIMAATHIM T, =15 ms
ANININIAIVDINDIOUNINTA T,=1.5ms

pUUNAIABS o= 0.5 V/V (1InUAI98 = 1/1V ; cos = 0.5V)

unumwIsmes luaunsh (3.18) WadduTeudwuuugiillade

0.25
G(s)= = — (3.20)
22510 "5 +1.5°10 &5

uazunuAmes luaumsi (3.19) fedduaieTounvuglladie

2
H(s)= 11111 _ w, (321)

S 6675111 5t +ED, s+ @)

= ' ' a 3 ¢ o o
Tugumsi G321) M o, Aennuds lsunudsssumauas & Aouautuwmnned Ay

" Ed ¥
AMDS TUUUTIIAY 1054 radiseg M3 16.8 Hz swandauninesiviify 0.633 s



36

w d

4 a a ¥ 4 @
AND3 TwuuugsssumAuazuauiawnnes 1z iaNuduit TNV UDIVDII0T
AR
{ o o o 1
1ngUi 314 iluTuendenlaezunsuilinduawlougdidavesisesniugu  Taoms
1 =) L 1w 1 oo 4 ] 4
unumIsInesag  azldmdsaumsi 320)  ngdeswundiuiemaias dauie
s ' A Y o t:lyd. = 1 v a o
Sasvouuinuaasinesnugui idbinauelifiiciosnm Tavgsaeadudadan
5 . U 1w v d ' w oA IS A 1w
Y1 (Gain Margin) UAnmfustiuauazyeasanuranavesszuuiinumny 36 o9

Bogy a o g
Falinufganedmsuadosnnlumsniugu

Bode Diagram
40 H H H - S T O |
o
A
Q
3
E=1
[=4
i=
]
=
40 i T O H R
90
]
LY
A=A
= 135
“
2
o
180 s b b aatvaddiddodal \
10 10° 10

Frequency (rad/sec)

507 3.14 Tuiandon (Bode Plot Diagram) vesilaridudinTougiitla

3.6 MINNIUUADYININVBIFZUY
& = = z:q o o a0 1w 4
2easauyanitaagziii 3.15 Tavasesnsewendiviililanduniugu C(s) Hauviiunila
wioiumsswnszuaasueiniinrnivinldndudh lulussuuie I 1ddnyuzaniifing
nsesfiafgauazausadouiivuienlaszunsulddeglil 3.16 Weldmsilinesvesses
~ o a o Y
asosunadriazflanduTeudwvoarnsadunszuasaresrsdaionnuuylaluiades.

uaz 3.4 AaduilenduTeuthenanszuaivaa i lfnssumunasie i



37

o
i — ;
: Is - *”
c c
| LY
P OFL
Rs R

of

Y A o =
517 3.15 205 auyaniianavesesnsesihdwen ML DN

i

ZF

ZrtZs

H{(s)

Ai o o o =
i‘llcﬂ 3.16 Uﬂﬂﬂ\lﬂaﬁLlﬂﬁu“ﬂf’N3‘3%'5ﬂﬁﬂ\?ﬂ‘]ﬂﬁllﬂﬂﬂﬂﬁlu}uuUUNﬁﬂJ

“

Tnseadresesianuazduszsuundns

o

I's o 4 = J 1 '
YRINTLUATITNOUNNAAVY LD 15N

o
v

DTN

]
=}

unsudioldmmisdmesauneenuuy 13 ludradu

- a .
uruni TuATaa (Nyquist Plot)

Nysuist Diagrem

pannluszuuhiimsilounduliniiilgniies

[

s é
Poundudgazannsoudilyminmsvoodayio

2 Y o A A& v g
ﬂduuiuﬂ'li’ﬂE)ﬂLL‘]_I‘]Ji5‘]_I"LI‘iNfFI‘ENﬂ'11-!\1ﬂ\'i!.ﬁﬂﬂﬁﬂ‘lﬂ‘liﬂﬁ‘i%‘;‘l.!llﬂ']ﬂﬂ'lﬂl]ﬁﬂﬂ'lﬂﬂz

WNUNITTVVNIADITAINAIAAS T

Imaginary Axis
- o

'
'
'
L

-1 0 1

Real Axis

{ a a d
517 3.17 unugi lundadvesszuuasouiila



38

3.7 agu
e 9) 1 = a o = ::; ] o
Tupnilldnantemsnsiziaesnseshidwenivinunuurauiunminuesn
1 o 1 ar ' = [ 9 =
Wu 2 dwTasilumshinusmiusgniesnseaunadwuuuguimihifinseanseue
o a v oo oA " o o ° i a
g17uoTindUN DT 5 1az7 daunesnseamauenivuuuviuimihiinsesnszuaesueiin
drufimaevesszuy  sawneeFuiomsanziguauianislaufinuesisesniuguuag

= A ¥ o o = as 1 1
Lﬁﬂﬂ'iﬂ'\“r”l‘“ﬂx‘l’)x‘l’i]iLW'Oi‘HFJE]ﬂLL‘U‘U')\‘I%iﬂi'ﬂx‘!ﬂ’lﬁQlLﬂﬂﬂﬂﬂQﬂﬁ'l’Jclu‘Uﬂﬁﬂulﬂ



UNN 4

msaanuwwnn‘imaimmumnsaa

E
A ' a a1 o w
Tuuntiezldnantanmsesnuuumsiilinesde  vensesnsesiduenfivuuummy
ey myvenuu lalimsiaesmsihnuda Tsunsy Orcad WensaaeuMshamiign
v Yo ' - a 9 ] o A
Apsvesnsuazliiuladnesieenuuuiinnugndesuazasandesfunquiiiinig

AnszHd

U a d . o s =
4.1 MIVOAUVUMIITINNDINITIUII5nTRIM B ANNVH MUV UREY
mIoonuuumwWINwesieendly 2 du Tesdmusadumseenuuumsidimey
¥o99snsBnadiuuuyuduiasuiuamifimesvesdsasnseshidaeniinuuy

UYHIU

4.1.1 m3venuuVKAzMMIMMEIULTZNeVURIIRTNTRIUNETH [3]

¥
s Y 1

MIAMIUMATNIT TR A199U9293nTBINSEUAT T UBTINUDUIUITHIZA B INT1UA
o ~ = q' 9 1 9 " P s d'l. d's!
Mnsnusuenhvsaensnsesszdesnwlnnuszuy  manwddiuaiundesnisnses
AMAUT2NBUAMAIMN (Quality Factor) LazmMIMauaee voassuu I sy seduus iy
= v
anudvesszuy Wudu

¥ b
THABUMIBONUULINIINIBINTEUATITUBTALL LU FaT

=

] ¥y
1. MUUARMTIAUITZUY (Vs ﬁ%ﬁ“lm‘mmnwsﬂimﬂizuﬁaﬁuﬂummzmmnuﬂa
g lFlumsesnuuuinsnses
° o a = P = Y ¢ a A qu
2. Mnuammasnusueniv (Q.,,) Nizuudsimsnnlnsasenszuaaivoiinmeld
TumsiSummsezneumdsvesszuy i ldamundoants

' o o = = d‘ g 9 or ‘1"
ﬂ'lﬂ']‘s1~3~1111Sllﬂﬂ‘l’lﬂYl‘.iz‘lJ‘lJ?’lfNﬂTjTT"lvlﬂﬂqu

QCom =kW (tan 91 — tan 92 ) 4.1)

o

Tauh 0, Av MasSueninsEUVADINT (KVar)

o

¥
7 e A1999m939v0e Iaasaunanua (kW)
6 A

0, #oyuvesialsznoumaslwihlnindosms

aQ

o

yueanlsznoudde Induau

—



40

o o J o 1 o = 3 VY] 1

3. ﬂ"l'ﬂuﬂ‘D'IH'TI—J"Iéﬂ'N"l]iﬂ'i'ﬂ§'|ﬂixllﬂ'?]'lﬁllﬂ'llﬂ11«!‘33‘l_lll?'lg{ﬂﬂ'i’]’]ﬂ’}ﬁﬂﬂﬁ\‘lﬂ‘”ﬂlﬂﬂﬁﬁl‘ﬁﬂ
LY @ W oA 9

AINITDDUAUN S U 7 Lﬁuﬂu

o I ' 5 @ 7 a A o
4. Mmsuedn @, eenidiudiug AMUIUIUAVBIAINTDINITZUAEITURNNATMUA 1A
Tasl¥dadiuvesnszuaarsuoiln

o o y = . s o a 1 [V )

5. MMUAAYTUATY (Tuning Point :n,) VBIAINTBINTTUTTURIINUARZEUAY  Tay
o 9/ ar A A o' 1w w '3 =Y ::{SV [~ 9
ﬂ']ﬂuﬂi'ﬁﬁ!ﬂﬂﬁﬂﬂﬁunﬂ'lﬂ'lﬂ'ﬂﬂuﬂﬂ‘llﬂﬂ8']51lﬂuﬂ‘ﬂ‘)’l’04ﬂ'l'iﬂi'ﬂ~3lﬁﬂuﬂﬂ

] ] ¥
6. Mnuavainausvesdanulszyfinudyagusail

(4.2)
"

Tah 7, flo ussduszuuidinsesneey (V)
- ' X

n, A9 AYAUTUATUYDIRINTD

@ oaaw o o
V. fieussunnavesaunuilszy (v)

° o w A (Ao =] :
7. fmuavinamanusueniininavesdunulzy (Q.) Hdeald

FIUAINTDIADZOUAL
o o  a =) A | Aaw o o 9/ A Vet 9 @
MsimuavuIamaesnusuantinavesdufulsegazdsadonldivinalndifveiuving

Ad o ] 1 9 @ 4‘1 Yo 4 a oA a
niismihweyluniesnaai liiveldinsesnszudesueiinisimgniga

msmuavesduiulszpinld Taoldaums

— QCom (4.3)
QCr - 2 )
V
By || Do
2
B —1 Vv

Cr

8. MmuamdliznounmN I (Q,) YBIAINTDY

‘

= L. { o \J ar T 4
9. MurmmmAaiulszy (©) mdamienit uazmanudumu feaumsaelui

6
0., X10

. (WF) (44)
277,



41

3

10
L=—— (mH) (4.5)
(275, ) C
X
PR S (ohm) (4.6)
Or

Rk

o oa

o ar v o "
Tagh v, Ao ussaunnavesdunulsey (v)
o a o 1aw w g
0. fio Masnusueniininavosdunuilsy (VAR)
n, A9 Myalsuaduvesiinses

Or
a a o =3 ' ] 14 o a 5 Y
10. ANTIZHMS Inavesnszuaasueiinludiumeg voeszuu i Inifivnmsanasadi

=
fl
Ao AUsENoUNUMNIBIAINT DS

o =Y 9
nseenszuaasvetnn lussuy
o o 1T o a aw 1 v w o
11. asnaeuaunulszyinihnununtansely winwamsaTRaeUNU R INUITY
o = o oW c:o g/ - o o 1 s c’: P [
ManunuRnanirua wasudenunaverunulseylntlasndy ldduaoui 7. Tni
12. MvUAvHIANSEILERNaveIdunilonit (L) laolndudnszuantaveiumiioni

A‘ d' -:i 9 dll o ar ‘:I' o
ﬂ35”’0‘1]1—1Tﬂﬂigllﬁﬂﬂ’ﬂnﬂy‘ﬂjiuqﬂ 10 % mmﬂumiﬂmﬂummumm

I, =131, (4.7)
e I, fevinanszuaiinelsidued veaduduszam 1ddeaumsi (4.8)

Qi (4.8)

VCr

ICr =

4.1.2 M30NNULINDINTRIMauenNWIDDYMIH
o o =1 HAq ¥ 3 4
2199550 Iasuen NNV uv U 1F lunisnaassluniseenuuulsenaud 0099

Usznounang laun

= d d
4.1.2.1 79959 UIIADT
Py o = a o
Tunmseenuuvadiedunesines ldnsudamesuuumionitna(nsulated
Gate Bipolar Transistor-IGBT) 1lugunsalaindluieesdids iesnn IGBT Haaauilid

msnunszuduazuseay ldgehauludaimidgeldd Taoldidu 1GBT Module



42

4.1.2.2 myvenuuudunulszgivass (C 4]
o d o w o { g 1
aunulszyvase (c,) veavsnsesmduenfivuuuvuimihidud ey
v
W a 4 I a 1 ar o a ar
WANUUDINDTOUNDI MBI VAU AINIBNSAY (VSD) Tasdinuaninsiitlaveansedu'ly

asam ldnnaumsn (4.9)

dy (4.9)
O 2

de — 2
2: j}t'ne (Vdc__ - Vdcm )

=) o as

Tawi P, Ao Adea ldeTsvesTnaa luidhuFadu (w)
2 r
fie A0 ANWDVRITZUY I H T e (Hz)
I=) 1

a v o
V, foawssauvesdunulszy Iiassgage (v)

' ar o o o
V, feawssauvesdunulseyldasaiiga (v)

4.1.2.3 M3eenuuuMdunHeihneureulas (L )[21]
o ai o Al 1 a o o @ U 1 o 9 P a ¥
auntlvninseudon leaszninduneimesiuunasnieimifinsesSudlanseua
a A o kY = g cg a o o't = .5’
voamMsaIndeoeniilvnszuaraenaiteiulasdunesiaos ianussvinniuuay

asomunmmaanienila lagldaunsi (3.14) feaunmsi G.17)
1 MUAANT) = t+(t,-t)+H(t,-t )+(t,-t)

T=t, —I-(z1 —t0)+(t2 —t1)+(r3 —4. ]

0.5BL —0.5BL =0.5BL 0.5BL
= af af af af
- A *+ A :s A i A
Vdc_Vs —Vdc_Vs HVdc_VS Vdc_VS
. 2BLq{ Vdc
- A (4.10)
2 2
Vdc - Vs

MNANVTURUTVBIAUMST (4.10) MIANUDFINT1Ad0

A

2 2

1 V. =V
e (4.11)

T 2BLJV,

unuan B=Ai asluaumsi (4.11) anwdaingsie



43

Fal
2 2
vl 1
2 AIC Lr;f V;.’.::

A

LAZANUDVBINMTAINTIGIgaLile V, =0 wiiaumidy

V.
f, =———— (4.13)
= gl .

NAVNITN (4.12) Ausamamanumioninsonloeldae
N
2 2
v:i—v
=—*_5 (4.14)
2v, Ai s

cY sw

L

Tagd ¥, fio sussiuvesdufuilszy iase (v)
= &
£, Ao anwdvessyuy I wmilae (Hz)
Ai_ fn mimsilasunilasvesnszuavsame (A)

L, fomaunileninges (mH)

4.2 fvE19MIDDNUVY

fnuald

1. masnuInihesvesTnan lidhuFadu , p=1000 w
2. usaiu Ifhundate, ve=a20 v

ANUDAINGS , £,=10.7 kHz

W

4. usedulvlase, v, =390 v
5. VDUWATNADTTA , Ai_=+0.5 A
6. anudvesszuyIndh 1 wla, £_=50 Hz
7. yuninvesInsames , ¢, =30 easm
IR
v o Y ° a Lo Yo 1 dy
nndeyanfimualimnsodnauazeenuuumimesaie ldaseludl

421 MIAnNUMMMNNNesvesIwsnsewNadHILUEUAUT 5 uay 7

° "o w ~ = A v
1. msfammmdanusueniv Q. ) Nszuudens



1 v
iodoamsyuvesialszaoudmas IihIndidu o esm fuiu

Oy =100(tan30° — tan0” )
=577.35VAR
» :
2. ANAIINIINTBIWIFHUUVIUOUALN 5 1Ay 7
3. Amuald
0...s=253.97VAR L8z Q_  =202.10VAR
4. fmuagadsuAdYy n-4.89 Woz n=675

o aw [ w o 1 {
5. Mamvnaitalsduvesdufulszginnudyagu

L 4897
O e %L
4897 —1
=
Vg2 220,60V 100N V=250V
6.75°
Bapg = — 220
875" —1
=)
Vi, s = 224.94V 1090 V=250V

3 0w = a 1A ar b ar '
6. ﬂ"I'LI’Jﬂ.l‘ﬂ"WJ‘LI'lﬂﬂ'm\1\'}THﬂl@ﬂﬂﬂﬂﬂﬂﬂm\?ﬂﬂlﬂﬁﬂ‘izﬂ1Hﬁ3ﬂ5'€]ﬁltﬂﬁ$‘lgﬂ

250 jz 4897 —1

Bl =253.97><( z
4.89

220

0. = 31424 VAR

250 T 6:75° —1

675

Ocr = 202.10x[
220

O,, =255.25VAR

7. fmuaniIliznounmn v (Q,) YBIAINIBY

05 =40.62
Qpy =36.28

44



o ' w g 1w = o ' v
8. AMIMMIAMANNUYIEY (C) MAwieni (L) uazmnNuAIumIu (R)

, 314.16 X10°
WA I, = —, C,=16 lIF
27T X 50 X 250
255.25%10°
&, &= — ,C,=13F
27T X 50 X 250
10°

I L=
z =
(277 X 50X 4.89)" X 16X 10

6

Ls= 26.48 mH

15"

L,=
2 —b
(277 X 50X 6.75)" X 13X 10

L,= 17.11 mH
, 27T X 50 X 4.89 X 26.48 X 10~
T RS —
40.62
Ry =1 Ohm
2T XS0X 6.75X17.11X10 °
E=
36.28
R, =1 Ohm

3 - 7 d ar i o
9, ﬂ'l'l—ﬂﬁlﬁ]ﬂ']ﬂﬂ'i3!1ﬂﬂﬂﬂ'€l'Iili]ﬂlﬂﬁ‘l]ﬂ%ﬂﬁllﬂﬁﬂ?‘l«l'l

& g
Tagh I, =%
VCr
314.16
Is= =1.26 A
250
255.25
I, = =1.02 A
250
ALY I,,=13X1.26 =1.63A

I,,=13X1.02 =133A

3 o
4.2.2 fn599ﬂ!nlnﬂ"]w']ﬁ']ﬁiﬂi’)i‘llﬂQ?Q‘niﬂii’)Qﬂ]ﬁQl!ﬂﬂﬁw!!””mu'lu

45

o =] 4 9/ 3 Y] 9 ]
1uﬂ'|'§ElE)ﬂul]‘ﬂ'JQ?'SﬂiﬂQﬂ']ENLLﬂﬂﬂﬂllu’l)‘i]u']u“h’ﬂﬂigﬂﬂﬂﬂ'Jﬁf‘)ﬂﬂﬂ5$ﬂﬂﬁﬁﬂﬂ‘]ul.ﬂl.l.ﬂ

a o 4 ar H o 4 ar a
sdunesines  duniloniuyouTswazdaunulszyliass  TagasesBunesimesld 16



46

[

i o o s a oA = wa
Intelligent Power Modul IGBT mwﬁwﬁtﬂummwmﬁmmﬂuﬂmﬁ;um“lumwuﬂsmﬁ

nazusenu ldgeaihauianudgelda

at ‘dl o A!'l
1. MyoonuuuANMteninsousey Tog (L,

2 2
390 —311
I =
af 3
2X390 X 1X10X10
L, =6.63 mH
d —_—
1aon L, =6.6mH

v d
2. msvenuuuaunuilszy Iase ()

1000
o, >

de — 2 2
2X50X (395" —3857)
C, =1282 LIF

£ —
ien C,. = 2200 UF

o 4‘ o
4.3 N131AVIUATNAABIAUNBAITIIADIUNININNTIHUYDINIIAIUAN
9/
Y o a -] [

Tudeiiimuemsdrassdivnouiiunes TavldTilsunsudusezl Orcad Tavldmanms

Y ya @ v w 9 d o v a 4 A
A lAdmsgruazesnuuy nndadefiruun  msimesdtsnouiunesiionsindoy
mMsn1uvessauauludiuvesmsadunssuasaretieduns iulainasioen
puuiianuidullld  Aevezihlunaaeuinusiuiurnssuneswesdeld  Taslums

N v
$1a03UazNARRIRIMUARIMIS M MuUNIsoonUULIINTAITeNHIUN THRadase T



T T T T . CHI=5V H CH2=5V CHa=5V - Sms/div
! ! ! ! ! DC 11 - DG k] oG 101 : ;
¥ 1 1 1 ¥ : : + : NORM200KS /s
! bt ' |
J N JONGE LT '
i T [ 1 ] (a)
= + 1] ] 1 1]
1 + 1] 1 1 1
1 1 1 1 1 1
: : e S St
1 1 1] 1 1 L]
1 1 1 1 1 1
T o e e S )
1 ] 1] 1 1 1]
) ! 4 i h
T 1 1 1 v :
e oL b
1
3L i > r i i -
1 ] ) [} 1
1 [ ] 1] 1
i S 1 L 1 1 R i
T T T 1) T
1 [} L] L] 1
] 1] L] 1] ]
H i 1 H H

TNA x:5Sms/div,y=5V/div
HAN1591804 HANITNARDY
51 4.1 HANIS1aDUAZNARDINITHINIUVDINII A 1IN LUAFAITED1D U 0AD IS
o a =1 I = 1 = =) a
nseemaaennWitluuuuvuissei1ufe Inanl99sissanseuaaanam
(@ juUnadunszualvan () (b) gundunszUIONN ()

(c) JUnAUNSTIAFAIILDINBI (1)

s ] ' o =
ic N (b)
ar b3 /!V - /1V, (c)

TN x:5ms/div,y=5V/div
OIRTARGEN WON1INARDY
51 4.2 mamsranauaznAaeIMNUYeIINTA31NNTTIABAIIEE 1B Uil TS
o o = =4 L] = =
nseamaueniiduiuuvufisietaufel Inanisesisvanszuayan
(@ juUnadunszualvan G,) (b) yUndunszUaUENTIH ()

() JUnURTEUAYAIBEEID ()

47



3L

Sah
=
=n.

L3

[ : 1 CH1=5V CHZ2=5V CHEI=5V 5ms /div
¥ i i DC 11 DC 0T og o1 (5ms fdiv)
- 1= ! :r ‘ : HORM:200KS /5
1 E'_\_I :
L‘,—-—'—/J-\.:\l P e (a) ‘me
<] b) Ao E Ce N
1 T T~ ~—"
L = i SE A (c)
y 8 [
i ! i
D x:5ms/div,y=5V/div
HAN15910049 HANITNANDY
4.3 HANITVIADLATNANBINITNINIUVDININT A3 WNTSUTBAFUD 19D T DAD DS
] v = =)
ﬂ';'mma\1uanmlmumLmfuHfruTwammnwammmﬂanﬂ
(@ jUndunszuaivan (i) (b) UnAuUnsZUAUENTIN ()
() JURAUNTZIATAIBEDIIBI (1)
Y
- @
4 i S e
—— 4
Y N N
ANA x:5ms/div,y=5V/div
WaN1591004 HaNIINARDY

31N 4.4 mamsdiavanznanenshanvesasenssuasArEdBiiorReens

nseafIdsenivuuuiissesudod Tnan InSames 1 ma
(@) JUnfunszuanan (i) (b) 3UnAURTZUIBNTN ()

() JUPAUNTEIATAIBEDIIBI (1)

48



49

: : H ; Ir 1 } CHisSV CH2wsV CH3=5V Sms /div
’| : : : : : DC 1o DC o [Lo4 (13 I (Sms fdiv)
1 ) H ] L NORMZO0KS /s
(] ] [ [} [} )
1 1 1 1 1 1
B'eS\lNIa NN
I~ X
1L ' ! i ' [ (a)
i : .
H i H i
i S (b)
Ir 1 1
J v ; |
ey i \
i H : H H H
1 U [} + 1 1
ar WWNW (c)
1 1 1 1 1 1]
1 ] 1 1 1 [}
1 1 ) [} ]
. ! SN F, : !
() 1 1 1] 1
1] 1 1 [} 1
[} 1 : 1] 1

N x:5ms/div,y=5V/div
WAN1591a049 HANINARDY
3UN 4.5 WanN1591209ENARBINISHITUYBI TN TS UA TS5 U DA 1905
o = o o
pspamMAennNvINLUURaYy Tvaa InSawes 1 g
(a) JUndunszudainan () (®) guUndunsEUAIENTIH ()

() jUndUNTELABAITEE19D (1)

vananisnaaeluglii 4.1 f 4.5 uﬁmgﬂﬂﬁ"uﬁ'ﬁyfgwmﬂssxtﬁiﬂaﬂ nszuauennvuay
ﬂ:izummwé’nSaxf]mimaﬁ]5ﬂsmﬁ1ﬁ’quaﬂﬁmﬂumemmﬁmadwLﬁmuazuuuwﬂu
Taoii TnaadhuaeesGoanszuamuandvion YanvuazIndames wodlunsasanaeums
Wamv929957 18T nseenuuy 134haduy Fangdeziiulddyanaildianuaen
AdvsfuaumMsuazHanmansslidnunzIndifvsduramssass Tasnoufinnes  udaeh

Al va ~ ) o ° A0 Ya v
Qwsw'lﬁmm'saaﬂuwnmmgﬂmmﬁmmﬂﬂ1smq1uﬂ"lmmsww”'h

4.4 aql

Fd ) 1
luunilefuedandnmsesnuuusesnsesirdueniivunmuuusaiiuauoiiol s
1 ] o 9 o ] o A w a =1 a o o o v 3/
Aeuzih loenuuuldansevnuswdui duuda By Sunefmeddmiuaiunszua
» ¥

savioRandud I Tuszoy  wenvniidelduansdedsnsesnuuy msinsansims
a el o w o 1 o 1 a a0 ng o -
imeindrAgniouuansdredialumsdaumamsifinesaadi mmiuldinesi

4 ] v
sonuuuiinsrassmsiamlavldneniunesilonasouguamsiinuvesisesuay 1y
Tvinasfiesnuuulanuiulddmungu  AouszthluadrneeseSaumenaaeunans

Mo lumalgiaae Ty



=y
UnNn s

N1390NUULINVINIVANIAZIIDTNAY

¥ 4
Tuuniznandednyus Inssadwvesssuuniuguitanuauaz19asiide laeniseen
Y ! ¥ Yy a = o ar =
wuvlszaoudsmuadanIzarArEd 198 2995nTewadH Laz9RInToIMAuEnTv
Aaa o d a 1 1 s o 9 P s - o shg
HULVUNNUNBI BT YAUN AT UMM 9N suasassnuia1uIn lday
v Y [ J a o a lrl lﬂ a 9 = 24
wnaNnunszuaesuelniifann lvaa lutluFadulszinnieesiSvanssuaunuasa

2 < A =Y o [ 1
Aau LUYeunau uazu‘uu‘lmﬁmmwumiﬂmmyugwmu

5.1 MSPRNUVVIAZTI192905Ma

1¢ AC Power Supply
),

Current Dectectos<&

Passive Filte
Overcurrent »
I Protection Circuit

Hysteresis Dead-time Gate Drive 19 IGBT
Comparator ™ Circuit »  Circuit Full Bridge Inverto.
Compensate Curren P,
Circuit 1-4—Current Decter:to]< f
Harmonics
Producing Loads

J =3 3 o w =
311 5.1 vaenlavzunsumsihnuvesnsnsesidaueniivuuuuwey

Tugun 5.1 lduamavden lnezunsuveansnsauauins99shidavesisnsnsoeids
woninvuNLUNaN TasseazBaueens lundazuaen laezunsueg 1dndiaauazii

e luriadodely



51

IG ; ----------------------- |
i C, Gt
Y @ i Ly L, E Non-Linear
E R, R E Loads
i i

-

-

Active Power Filter

3N 5.2 29shdevesessnsesddeenivivuuuuuney

= kY a s

v
A uUsznouve99s MM NLaZHANNIT UG5

5.1.1 audvdszglilase (c,) 7
i o o o @ s =Y s o
TuedaniuIIMsyAIMEINUSLanANUS N5 A 1815 o TINA182995 AT DUN AT
Wudeldgunsallszinmuwadiitiinalng  snilymdsndnawsoudle|dTaslde
o w a a Vo v dq Yo o @ a o & & v daA
vinseiaweniyiaunasnunsaunlddununasauiivinann Fginseidenaniie

LY

ar d'. s L 5 = o o o
dunvlszy IaseilFidudufuwdanu Tasvaduegfuiisamide Infhussasesnses

Ll

s

° ) a
maauaﬂwﬂuawumaﬂﬁaﬂ

5.1.2 famieaihnges (L,)
A 1 = o o o P 1 (] a o = o 3 P
ﬂ'lil‘]f@u‘IUQisT'T'J'N'Nfﬂiaunﬂilﬂﬂ'ﬁﬂﬂllﬂﬁ\ﬁnﬂiﬂEJNTHWQLT’THU‘J‘H']ﬂ'iﬂ‘aﬂﬂ']ﬂu']ﬂﬂiﬂq
i e a a o q ¥ A a ¢ ot =
ﬂ'izH'ﬂ'ﬁ'ﬂlﬂﬁﬂlﬂﬂﬂ'lﬂﬂ'ﬁﬁ?"ﬂ"lﬂﬂﬂﬂ "l"l‘]'lﬁﬂ'jgllﬁ"']fﬂl‘b'ﬂﬂﬂ-IUTﬂUﬂuL'Jﬂ'ilﬂﬂiﬂﬂ'J']ULﬁUﬁ

& & Y o - o ~ ° a 4 9 :ﬂ
u’lﬂ‘lluuﬁzlwaiﬂﬂﬁﬂﬂﬂﬁuﬂqtﬂﬂ'ﬂ‘wUlﬂu-luﬂq]u']ﬂ'ﬂﬂ\?ﬁjlﬂuU’Ju'lﬂ'gilﬁlu']ﬂlﬂﬂfﬂl uuhj



52

i1 o ~ d a ' 0 w a5, e { a a A
18 udethalstmudiivinadnduldee awsestenssuasudlafifannmsaingld

a =2 = v o L
f ilQﬂ’ﬁllﬂ’]iﬂ'&’)ﬂlm‘]ﬂﬁ'L“rﬁJWﬁiJﬂ‘UﬂTﬂ“h’\ﬂu

5.1.3 2995asiumas liihntava
[ o a o o = Y=y T
nanmsinuvesnesulasiuiias lihAsaiuguaszuavesisvsnsesldiamudon
muauimua  Taswlawseiuda Iiassdidussiu ladudromaianmsiSuaunig
o o . . .
Wan (Pulse Width Modulation ; PWM) Uagii958uMIniugunszuasinegae Tumsoen
=) 9 ) do w Aaa . ]
wuuiRenlimsmdaneinasleiiiuuyluga Intelligent Power Module (IPM) Asuuuya
= o a w aa o = 1 = o Qs o a
UTAIVIUTENYIBIANNTATU TMBP 50RA-060 YUIARNANULTIFU 600 1207 5095UNT2IA
o wa ar =y [ a a A
50 wowinly waziguasialumsasnivnszumiy madalsesmelui uazeamgiiy

- o L] e a o a ad o 9 Y ar 4:1‘.
WA SIUMsMauRnNuagega 20 A lading uaaslassadieldnegii 5.3

PO Veeu Veev Veew
& il }Tj | I }Tj |
Yiny Driver ] Viny | |Driver — Vinw |
e OT% O o
Vz “Vz g,
GNDu GNDv GNDw
@ O O &
U
Te Sensor Qv
—~QWw
Vee O 1 ! T ; = T 1
T, L.
1.5k I ==|— }Tj :.l‘L : ::I— : = l— 3‘”
ALM o woyal Dri Driver Driver Dri
Oi?x{ O i I 5 Vinx B g VinvQO- ! E VinzOr i
Vin DB Tv, 2 Tk P
GNDO On

3N 5.3 2095 Tassaiamelunsudanesmdeled ifuuy Tuga

u

TumsauuaingsiduwuTuga Uszneudisnesuon laadyann Taoldoetueud
¥iinool Tdives TLPs50 Sulvassvuna 15 Taesd 2 Asuuusandeutasauasgn dau 2 fa
J o @ a  da a = ° ° o/
aefu Iassnnndowlas@eriu msauguidaindnalafmilsiany ldlaehlddng

o A u’: ' "o a ] o
voussRuiuniuliawnfuguénsenuquannedumsildaasveslaloamolugqeed

LI

9 4 3 o o o a

Taoe uazludaTugoezihesdadyananedaieldvgadyanuduitng  lunsdifa
= ar add 0 J 1 s

AIzUMAN daresniegamgiilagedu sxldginseioedIdiues pic 810 Taudeduaees

a 9

@ Aq 3

mMouenFwAnanzmsnaiengadyanaildlummiuguiunedinese i

5.1.4 2993 INaHY
luduvennsnseaunadnissnoudivesddlsznoundn 3 daufie sadwmu 6

= o v o o 1 3 i o o
milenih  wasdunudszy  dandedlulsens Tsunuduuueynsuien Iiaesnsedn



53

¢ a A1 A e o el a o P . A1 a A
ﬂi9\‘1ﬂimtﬁﬁﬂ‘i;‘sJ'E)‘L[ﬂllﬂ'lE]ﬂJWLLﬂ‘lJ“ZUGI']'ﬂﬂ’N‘Nﬂﬂ'ﬁJﬂﬁu (Tuning Frequency) LRZUATDUN
o a = P ~ 1 a1 o a " w oa w
HAUFTINANNAYATIU Tﬂt}‘nmmmsTcﬁuuucﬁmﬂwﬂwmwmammumazummmuaum

a
b
ar as Ly -é

A LA = ) =} o o g @ W =]
ﬂﬂmammuwmzummq HUIWAU °1Nﬂ'|§!.l'E]ﬂLLG]H“HiIt“r’iﬂﬁ’Nﬂu‘}’iimull] FRUUAIDUN
o S A 1w 1 9 P L] o 9 o
LkﬂLl"Ifﬂ1’5151‘1]64’]\1%‘iﬂ3'ri]ﬂ%\’11Jﬂ’ll“n’l1ﬂ‘l]ﬂ1ﬂ’313iﬂ'lu1’l'mﬂ€lgcluE‘]."ili]\?‘ijﬂﬁ'.Jﬂ m“[wnszuﬁan
= ] o w 1 9 1 ' i
‘JJ'E]“Llﬂil"lﬂI‘Hﬁﬂﬁﬁ@ﬂﬂ"l‘iﬂ"lﬂﬂﬁ'luﬁﬂllﬁﬁNWH’N‘ﬂiﬂ‘iENulﬂﬂﬂ’Nﬁgﬂ’Jﬂ ﬂsmﬁmuﬁmﬁa

mnmsnsaﬁaﬁm{mﬁﬂaﬂm

v o da [
5.2 2vsaisdyanadaidulausadu

A q’ 9 a 7Y a oda cg 9 o o 'd
11993 5.4 esiihunesadedyanalmibedaiifetunoududyao s

¥

o T = o . . a
yo5zu1 i msenisoniins@alas lud (Synchronization) las luduusnvesniseonuuig
o y [ 4 a o a
v 18 lgndeurasanusadu Iifhauie 1 udyana lnidredelumsadedyanndieds
d? 1 3 o [} LY 4 . A i ‘ﬂ ar v da £y
wm‘lﬂmmammmmwmnaimmuﬁuti (zero crossing) IWOT umymmwaﬁauﬂﬂﬂ
ar = & o = o =1 w1 w o
fuledies Mc14046B Fahmihiuduadengiwioududsadedaygronninlald
fulediues Mc4sie iloaiadaygudiumis (Address signal) Tdmuadumisvesdoya
s o & a o 3 [ o a 1
muluddnsenes 2764 Fadwseudail lAiNudoyavesdaanalmidnesell Tasudasde
aa =1 1 a 4 o VoA 1 1 = :
yalunvaineafiunuaueui/dgavesnau lnfiumuaiyudisg mnnuazidoavosnin

s

° ) Ad gy v 5 W at a 4 v A ¢ & a
nuimudeyamivly  dniudauudniimsfudeyazinaulaninillnfa

| LY vz

$1u9u 2° w3 256 doyn Aniudeyaudazdumisezegriaiu 1.406 vam Feyaiazifiuly

ﬁ"; ]
Tidueg

" o Y L = A o 1 1 Y
mieanuiiiiivegluglvesavgmdunn Fsmunsednammvesdoyamaiinna

3N (5.1)

A7 A v Ra (51)

"fRﬂ A: Az A: Avl As Aa 8 ref
V sin@t = B S s e e Mt e el
R 2 4 8 16 32 64 128 256 R

IE B

A =) Y o o
e v,  AsussAugegavesdyanaland

s é ar =Y
\% Aousaan Iasegauusdudiads

ref

ArA, fedeyandnaldiioudaatiumugiumes

A v =
Ro.R,, Ry ROMIANNAIUMIUTAEN R, = 2R,

or a w A a aa a ar
dyaraeiynuesiadnsovssiludyanuiineadedouldoudyanauiiueznden

¢ ' o 4 o =
vo931 191l Taeidon1d lediues MC1408 fiannsaniuny voltage command iieU5ui/aen



54

woalagavesnduland lduas fudyanuezuidonioglugtvenszualdifiuuseduiiiy

[T}
v

i o o LY ) o o 3 v @ o
adulaiansoi ld1don 18 amiudyanelnifndnezinnnsasniuiugud Tay
4 "o =] 4 e @ a 4 [
ldeodueuiliue LF3s1 udadede lihasmladenguiierhlddyanaufedunousunaon

@ oo o L
nanudyas laduesmastie

EPROM
1764

LFISUNS

794V

a a

3N 5.4 2vsadedyanalanidreddu-watuusedy

CHI=500V : CH2=5v . A : T Smsydiv
DC 11 DC.11 ; : i (5msydiv)
: : : : : : NORM:200kS /s

(a)

(b)

3N 5.5 wamsnaassvesgiainlmidrededumaduusedu
() TYIVUTIAUUNEIIIY TNA x:5ms/DIV , y:500V/div

) dyaonlanidrededu-aduusedu mna x:Sms/DIV , y:5V/div



55

5.3 29950319 YRIUNTTUTTAIFLB19D4

sy
» L;, Amplitude

Conirel
l LEMsINS
-5V = RS

LEISUNS

. 21

Phase locked loop ol A
ol Al
S o a2
ED M i

5
]
T
0w [
s
0
3

CAln PClou Ll s

cia L s

) . RL [0 e

ae01uF 1004 T3 . Hw

L e , a 3 ] M

i VCOin Tl A
R [0 Al

Rid M08

784V

2EREES =3

Frequency LEISLNS

TRV

DINI

P

o icth

5UN 5.6 2vsadudyaunszuavyarededs

a 9 ar Y a o = L4 =
91 5.6 Wusesadudyanunisuasarodas MNFUNINIT AT IZHI99 Tnuauyd

hegluannzegialaeliTuamasuil i () uaz i () Wuduynidoimaviuhldld

Y o o o

a = ar y a = s
NITUATATUD1IDS i (0 winhdygpainlddeundumenududyanmlanisnds nds

1
=

0’: o ar 1] In. 1) ¢§ a 1 —
nninhdgapun ldmuesnsesnmddvugohfldm AL, vaeesld 7, =0

2 = el a a o oy dy & o = 1. =
tumineiiee A, fdludunmuveaesduiinsaiisuiiuguddie dnfuoniwnfiduem 7,

2 o a 9 kY L4 a A a1 1w a =
WUMPINGANY D'ILEl'l‘I’I‘W'YI‘UEN'N%‘SE)UWﬂSWJJﬂ'IW!’IﬂUmJﬂu%ﬂﬂlﬂﬁﬂizllﬁuﬂﬂﬂﬂ ( )

uvmwiuﬂwammwUaﬂq”lmﬂauumem“lmqﬂimﬂeauiuﬂmawagm ﬂs'“uﬁ‘rﬂwﬂé'

2})]

(=)}

- &
an'la i (1) Jafisgadesuniuy



56

>

g d a d o
5.4 MmIvenuULNazaINsilesnuazmIuaNglnsalaInTmas

+SVCC Ve
7
SV
LK CLR

J

& +5VCC

AMB RST GND VCC

HICTH

3s
g u
—— o
£y

A §
e o e e B o e e S e e

L
Q
L'WIICII 1

: T4HCTOR
.‘Nc'IICIII b )
%
LA

]

1

]

]

1

1

I

!

1

1

1

1

1 L4
1T switon MC14557
[} /7 ir
1

H SW];L‘IH kg
1

[}

1

1

1

1

1

1

1

(]

[}

(]

1

SWI;CIH
131
SWITCHS ax

[+

neadiziinm

:i ar d a o w
U1 5.7 29estlearuuazaruguelnsalaindiga

~A

13N 5.7 uaasasesauguaingmds leddiuu Tugadszaoudvasestleady 2ees
=)

s s

Usznanazinstuiinng Iasaestlesduassiidmstndunszualunsilestunssuafy
- o { s é T

Taseau3teld LEM Nndnnsues Halleffect a9idoantmioutasnszua foeuiso

asndugdadudyaa Ivdnssuaaswazaszuaadu’ld awisodavinanszualdae 25

d A Y ¥R a ad A1 a 7 o ot [
wonLlls iJﬂ’iiﬂ'fJ‘]Jﬁ"Ll’ENﬂ']’liJﬂ“lﬂﬂ\‘l 150 ﬂTﬁlﬂiﬁlIﬂUNﬂ’]NﬂWﬁ'lﬂ +0.5 Lﬂ@il“ﬁuﬂﬂi&'ﬂUﬂﬁ

v

4 =1 [ g 1
anseud 25 uweuuls msleauves LEM deeiimsanszauvesnseuaas lasauisadaa'’ls

= ar 9 T I'd ) I'd
#1 1:1000 uagiivasaivayulszneudioundssis ilase £15 Taav 2estivives uazaaes

R

w 1 4 o a A a a a 1 de Y 3 -
USuseeidadyann nstiifianszuaialnd Humidell wniynvesestiond oedl
o i o @ a (Y o = o @
anzdugud uavgadalfnasilesiunszuaifu TasordondnmsnSouionsuusady
Y a ) = o :i a a =] ar o
81909Tauldled LM393 Tumsiamnngif 5.7 ussduevinneziinnaussdumsiau

~ ¥ @ o a o w o
Wiss 33 Taavl iWemdugumsdamsyhamluvaisnszumfy niodanens uaznganad



57

o @ o a do w = o 1 4
yanuduiunavesgaaIngigs ledlifuu Tugasidunsaiugueiu lediued 74HCT74

o

)}

v daw a 4 a L&Y 1 =1 [ -7 o o
A lumsauguiadafiduudy nsdifamemsaidananeziimsdedyaiavedassnuih
~

1#v1 PRESET Hanwmed ndyaps 10 wlaomeqaid LED i wansannsni

(Normal) Avasluvmsnndyaa /0 seliaoimzd ndayanuiild LED fuaasaniig

fA2993 (Fault) a31934 Lmzﬂﬁfammxﬁmﬁ'uﬁvmﬁ'@mum2§ wilaomeih i dyaaill
Tugadunesines ngahnuiisinnguaniveuuung  waznindeansisuieesing
awsaidTasmsna RESET wodlumsadudyanunssduishiifon/douanioznis
W linduduaanzilndde

- o = o d a do w Adaa
’Nfu51J'sz'smmvﬁu'.Ni}iLmﬂﬁmurgmt‘nﬂzm"lﬂmuﬂm;ﬂﬂ'immwmmq"lawmmﬂu@,a

Y

o 1 a a o o Y A4 ¥ o a o ° 9 o
muuummmﬂummmnu TﬂU'V]']'PT‘L!'m’ﬁﬁ'Nﬁfyig'I‘EU.‘LI'58']\1!.']?!']ﬂﬂﬁﬂuﬂ']ﬁﬂ']ﬁ"m‘ﬂ'iﬂi!ﬂﬂ

= o & o Y a [y a o = o Y o
vazuldouaoizmsiinudeesildifanisdarsesnelufedrvazinaildglnsa

o/ -

amdmdudomeld  mshauvenssseieldfedaanafiduududuiidudyaaty
ywngnleudhledes Mc 14557 figamunialumsdoudinuazerfodaaa Clock ihiian
4 i@ 1 MHz msdaanlsz3anadmunlduin L1 132 Tavmsidaduii B sosihy
InmMUSIRveIinfidaie 1.4,8,16,32 Tuam3tudendyaralszianawity 4 ps Tau

o = o v ¥ o s ) 9 [ o c:: o £l
NI13LYH L4 :er,{lu H ﬂ']clﬂllﬂﬂmﬂﬂmlﬂTﬂT!ﬂ 2 AYVIUATIVINAY UV UUUIWUUUDU

o
v
=1

v W a 2 o 9y i = @ o 1 o oo
nafudyanudunn Fuemyni ldvzgndaliinesduiunanell Taouaainamsinesa

q

aalugin 5.8

@ d

GRIGTRGIGHIYNY GRTTRTG VAN

o U

1 o s a
711 5.8 wamsnaassdyaIRBURNLAZIMINYDNITTEINm



58

Qv = =Y d

5.5 YUNHUINYITHWUE
Ad' LY o P=3 P = 9 9/ fg

NIV UVDINITNTIMRIEn RNV MU Raun e Idenuuuuazadeiy
o o oMY 1 - ¢ d e 9 oA a
IMvInIuguUUEzMAIesiae Idun 19958unesnesnimihidluresnseaeniin 19

o 4 s ' LY L= a i U

vnsoaunady wag ldiunsesdunuudinanlinaseuiu Inaa lidudaduiannzaies

¥ { o = o ar [ o @
Taud Tnaandunuusdn yanu wazuuy InFanefAfinmslsuanmensun dmdu

3
= s

3 o 4 [ ] @ o @ '
2v3nuguiin Idhimsdedalu pCB ieaailymidrea iy dyausuniy dmsuglnsel
a A 9 e AAA g Y A a do w = o g a 3R
adngelduuy Tugand lodtimhiduaindsda YDIYANVITUNOI INDTUARZAI AT
AAAULHUTZUIWANNT DU (heat sink) Uaziivaausiolunisoomanudoy  aau9assung

ladadnegIndiginsaladngetlosfudyanusunuduansiiiulugydi 5.9

3N 5.9 inFesduuuuyassasesmdueniuuuLHaY 1 e

5.6 a1
dy 9 1 = 9 o =
1“1]1’]“‘15]ﬂﬁ'nﬂqaﬂﬂannuasﬁs'N:NTl'5ﬂ'3‘1.|'f’11['ﬂFN'Nﬂ‘jﬂ'iENﬂ'lﬁallﬂﬂﬂﬂ‘uu']ulluﬂﬂﬁlf
o w a 2 a ' = o
ﬂaf)ﬂiluig'ﬂU?Qﬁ]iﬂ']'ﬂﬁﬂlﬂ\?ﬂul?ﬂ{lﬂﬂ{ GHQ'ﬁﬂ']5liﬁﬂﬁllﬂzﬂﬁvqﬂﬂUT‘ﬂﬁzlaUﬂ TIUNULTAING
ﬂ‘l'iﬂﬂt‘fﬂ"]Jﬂ’liﬁ'iﬂ‘lwm'N%Sﬁlnc]LﬁﬂﬂS’Ji)frfmﬂ‘li‘ﬁ‘N‘I‘L.I!.I.axlﬂum‘s’ﬁuﬁu’h’mﬁﬁqﬁ’ﬂﬂﬂ

: - ; o o ;
wuuianlagndes Bnfwdasiuauiadniuduniosduuudmsvimmaaouse'l



UNN 6

NANIINATBUNITNINIHUDIIIDINGBY

onaaslfimudannumuisavesissnseafidaueniivvuunazunanlunis
fianszuaensueiin lavimsnageumsinunuaii ldeenuuy ez 1 aonndosty
wamsiiaeamsmnuimnasoufissuuivaiude ssuuiifmiaavaussdy 220
V.., 50 Hz snnumileniumdstionhiy 3 mH defuTnaniaesienszuaumadion
ujany uazun InsnosTiangmaaruaud 30 esm wnaiita 1 kva Tumséasems
W18l Tdsunsy Orcad daumsnanesldnnmafudeyavesgdnduussduiaznszue
Taol¥ Digital Oscilloscope D YOGOKAWA §u DLI520 #ii A/D ¥1a § bits
2000MS/s 150 MHz tnudeyaldegluia *csv  udnhluTnnevquamgladudaod

L |

yiinmunmvesnszuaaleTsunsy MATLAB

& 5
6.1 ﬂ'l‘i‘ﬂﬂ?;TE)‘]JlWi‘)!ﬂ%ﬂUlﬁE}ﬂﬂ'liﬂ'ld'mili)\i’Ni]iﬂ‘iﬂd
Tunmsiiasagnaaeumsmnudmuasmnsiinesaeeg  voeeesnsasnadvay

A15797 6.1 l!.ﬂmlliﬁﬂ'l‘jﬂﬂﬁﬂﬂﬂﬁ)ﬂl'ﬂu 3 anme van

M13197 6.1 AWITINNDSUDI299TAT DN TN

L G R, L, ¢, R,
(mH) (UF) (Ohms) (mH) (1F) (Ohms)
26.48 16 1 1711 13 1

6.1.1 Tnanlursesisaenszuanuvsrdnion
s/ o o = 1 = o
Msnaaau l¥mmnIz99nI0IN 18N NNLU VUL IUA DA YIS sens LU LUg aniN
18 1lraanNuAIUMIY  HamInaassmsouaad laadsli 6.1 uazuaasalnasisiue

U

inveagUniunszuealaneg il 6.3



60

CHISBV  : CH2=5Y : CHa=sv ; T Sms/aiv
oc 11 ¢ DpCel ¢ DG G : L (5msydiv)
: : : : ... NORM:200kS /s

(n) L AN

¥

Q)

(f)

U 6.1 guAtuussAunaznszuaie TnaaluissSeenszumuuuadvion
(M) dyananszua Inan (i) aina x:Sms/div,y:10A/div
() dyaanTsuarasy (i) TN x:5ms/div,y: 10A/div

() FYYIUNTLUAUNAINY (1) ANA x:5Sms/div,y:10A/div

CHI=500V : CH2=5V  : : i T Gms/div
DC 100:1 : DC 11 : ¢ (5msydiv)
3 : : H NORM:200kS /s

(M) ADUMIBAIBY  JUUNNND x:5ms/div,y:500V/div , 3019 1A x:5ms/div,y:10A/div

CHI=200V : CH2=sv ©
DC 100:1 © DG K1

(V) viaamsyase  UUHAND x:5Sms/div,y:200V/div , 31819 eina x:Sms/div,y:10A/div
gl 6.2 jUnduussduneznszumumasine



61

In/11(%)
100

90

80

70

60

50

40

30

20

10

| P L . 1 L L 1 L L
0 10 20 30 40 50 60 70 80 80 100
Harmonic order

()

In/11(%)
10

0 s 1 4 L b 'l iy —
0 10 20 30 40 50 60 70 80 90 100
Harmonic order

()
31N 6.3 alnasinszuain ldninmsnaasaneldteu ludsadugil 6.1
(n) MnasInszuaunaIIsneuINs yaIsY

() AnASINT LALLM A IIUAININIT VALY

6.1.2 TnaaiilursasiSeanszuauuuyfory
MINARBULNEITIERBA 9SS sanssuanuuyuIv Tnaaanudunuaseynsuiuda

milenhuaziismsnaaouoonily 3 nsdi fo

nsdli 1 19haesnseamadilifivsedadion wamsnaaswanaldfgii 64 uazannas

4 = 4 w {
g15ueiinvesglnaunszuandafiagii 6.6



CHI=5Y  © CH2=5V @ CH3r5V

(n)

Q)

DC 11 . DG 10 ¢ DGl

()

: Smsydiv
- (Smsydiv)
NORM:200kS /s

3N 6.4 jUndunszuaiioldrersnsoauwady

(M) Fyanunszua Inan () ana x:5ms/div,y:10A/div

(V) Ty unssuauwad (i) ana x:5Sms/div,y:10A/div

(M) TYYIUNTLUAUNEI (i) TNA x:5ms/div,y:10A/div

CHISS00V :  CH2=5V |
DC 100:1 DG 11

(¥) HAIMI¥AIYY JUVUAND x:5ms/div,y:500V/div , 319 A1AA x:5ms/div,y:10A/div

31 6.5 JUafuusUUREATZIALIMALT Y

62



In/11(%)
100

90‘
80!
70
60
50
40
30

20,

10

0 10 20 30_ 40 50 60 70 80 90 100
Harmonic order

)

In/I1 (%)
10Q

90|
80|
70|
60
50
40
30
20
10j

0 |
0 10 20 30 40 50 60 70 80 80 100

Harmonic order

()

510 6.6 mlnasinszuaildninmsnanssmeldtenlufeiugih 6.4

(M) ANATINTTUAUMAI9IINDUNINIT VALY

(V) AUNATINTLUAUNAINIIRAININTBALSY

63

A ] o w a a oA Y o o
NItUN 2 1‘]1"3\‘]i]iﬂ'i'ENﬂ'If\‘ﬂLmﬂ‘ﬂﬂllﬂﬂﬂu’]ul‘ﬂﬂﬂﬂﬂ'mlﬂﬂ'] N'ﬁﬂ‘lﬁﬂﬂﬂﬂ\‘]ﬂﬁﬂq‘lﬂﬂﬁzﬂﬂ 6.7

L4 o & o A
wazalnasigsueiinvesgdnunssuaianngli 6.9



CH1=5Y | CH2=5V @ CH3=Sv : T Smsydiv
DC 101 ¢ DG 10 DB ; i (smsydiv)
‘ : : : NORM:200kS /5

(M)

()

(a)

A 4 4 yl | ... wl = :. . oA
sUn 6.7 JadunTzUmUD]FTNTRIMAWEN AN VVINWNEIDE A
(M) deyanunszua Inaa (i) Mna x:5ms/div,y:10A/div
(V) AUNNTLUAYAUVY (i) MAA x:5ms/div,y:10A/div

(M) TYYIUNTLUAUNAINIY (i) TNA x:5ms/div,y:10A/div

CHI=500V : CHZ=5V . 3 : T Smsyav

() NOUMIBAYY JUUNMNA x:5ms/div,y:500V/div , 3R AiAA x:Sms/div,y:10A/div

CHI=200V : CHZ=5V ; : i Sms{div
DC 1061 © DG 1E1 : i . (Sms/div)
: i ; i i Eooesnn, NORMCDES /g

(¥) AN IBAY JUVUMNG x:5ms/div,y:200V/div , 31019 FAA x:5ms/div,y:10A/div

510 6.8 JAdULTRULAZ AT UAUNAIDIY



In/11(%)
10

90
BOI
70
EOI

50

0 10 20 30 40 50 60 70 80 90 100
Harmonic order

(M)

In/11(%)
10

90
80y
70
60
50
40
30
20

10

Ot s 2 sttt 5
o] 10 20 30 40 50 60 70 80 90 100
Harmonic order

()
511 6.9 anlnpsinszuanldvinmsnansineldtenlufuadugili 6.7
() anasInszuaunaInIenouiINIs YAy

(@) elnasInTLUaUaIRIeNAININTFALYY

nsaii 3 19eesnsesidaeniivvuunuunay wamsnansaansladagiii 6.10 uaz

annsiesueiinuaaslfdagii 6.12



CHI=5V | CH2=5V @ CH3=5V : CH4=5V | Sms/div
Dc 101 DG 11 - Dpa Kl DC 10:1 . (Smsydiv)

; i t f i NORM200kS /5
(ﬂ) ........ e L .

Q0]

Q)

()

31t 6.10 unAunszumileldrersnsesidueniiviuuuna
(M) dyaanszua IMan (7,) 9na x:5ms/div,y:10A/div
() ﬁ'ﬂ;ﬂunmmzummﬁ%ﬂ (i) TNA x:5ms/div,y:10A/div
(a) ﬁﬂgiy“lmni:umﬂm (2) ?NQA x:5ms/div,y:10A/div

(9) AYYIUNTTUAUNAINIY (7)) FNA x:5ms/div,y:10A/div

CHI=S00V : CHz=5v .
DC 1001 | DG 11

(1) NOUNMIBABY JUVUMNG x:5ms/div,y:500V/div , U019 HNa x:5ms/div,y:10A/div

CHI=200V : CH2=5V ] ; T Smsydiv
DC 1001 ¢ DC 11 i i : (5msydiv)

() AN IBABY JUVUNNA x:5ms/div,y:200V/div , §1A13 ANA x:5ms/div,y:10A/div

3N 6.11 guaduUsIAULAZ ST LAIM AT



67

In/T1(%)
10

90

80

70

5]
__ O O __O O
S

0 10 20 30 40 50 60 70 80 S0 100
Harmonic order

(m

1n/11(%)
10

90

80

70

60

50

40

3a

20

10

Obtaas " L L L
0 10 20 30 40 50 60 70 80 90 100

Harmonic order

(V)
U 6.12 aulnasinszuainldvinmsnaasnmelditou ludeafugilii 6.10
(M snasInssudurassenouinT¥aIrY

() glnasInsEuaunaInendaIiIMIsasy

6.1.3 TnaaiiluresindmmesuuudSusmgavuiu (o=30°)
MINATBLLNAITIABAYNT InTmeesuuudFuynyasuIu Tnasnnudunusae

synsufudunileniwazudsmsnaaevesnilu 3 n3dl Ao

nsain 1 1929esnseunadvifivsndafios namsnansauanalddsglii 6.13 uazanlnas

giueinvesgiadunseumiandiaziil 6.15



CHI=5V CH2=5V  ©  CH3=5V T Sms/div
DC W1 . pcwy o pd 10 - : . (sms/div)
: : i ! i HORM:200kS/5

(M) ABUMIVAYY JUUNNNT x:5ms/div,y:500V/div , 31013 AINA x:5ms/div,y:10A/div

CHI=500Y : CHz=5V ; ; i 5ms{div
DG 1001 © DG 101 : : ¢ (5msydiv)
s : : WORM:200kS/s

(¥) MAIMIBAIBY FUVUMND x:5ms/div,y:500V/div , a19 N x:5ms/div,y:10A/div

3N 6.14 gUadUNTIAIUUBNIZUAINETY



69

In/11(%)

10

9

8

7

6

5

4

3

2

1 |

o Illu_llllnlui..-

0 10 20 30 40 50 60 70 80 90 100

Harmonic order
(n)

In/11(%)

10
aa
80
70
60
50
440
30
24

10

o u.lhll.lllll----lm e il L L L
0 10 20 30 40 50 60 70 80 80 100
Harmonic order

()
310 6.15 aulnasinszuai ldvinmsnaassmeldifon ludaiugili 6.13
(M) alnasInszuaunasssnouINITsaITY

(@) @lnRsINTTUALNAINIHEITIIMITAE

nsaii 2 19293nsesiidaeniivuuuvuuiivsedrufes wansnanswaaslanagii 6.16

4 a 4 [ {
uazmlnanasuetinvesgiadunssuauansisgilil 6.18



70

CHISSV &  CH2=5Y . CHa&=hv 5ms/div
DC W1 S DGl DG 0 ¢ (Sms/div)
e : : : : NORM:200kS/s
(M)
(V)
Q)

6.16 jUndunszumieldrsesnsesmdaueniivuuvuiuiisiotiaufen

=h.

31
(n) Fyananszud Inaa (i) ana x:5ms/div,y:10A/div
() n}‘EIJ“‘ELI'I NISUTYALBY (7 ) TIND x:5ms/div,y:10A/div

(M) TYIUNTLUAUNAITI (i) FNA x:5ms/div,y:10A/div

CHI=500V : CHZ=5V  : T : T Bms/div
DC 1001 | DG 10 i : : : (5ms/div)

(M) AOUMIBAIFY JUUUNING x:5ms/div,y:500V/div , 3RS AR x:5ms/div,y:10A/div

CHI=200V : CH2=5V : : T Sms/div
DG 1001 © DG 11 : 3 i (5msydiv)
i : i : : ... NORM200KS/s |

(V) M TVALTY gﬂuumﬂa x:5ms/div,y:200V/div , E‘]Jﬁ’l\i N x:5ms/div,y:10A/div

31 617 unduussAunasnsTLAUEITIY



P

In/T1(%)

b

9

8

7

6

5

3

2

o I““lllluu.-
0 10 20 30 40 50 60 70 80 90 100
Harmonic order

(M)

In/11(%)
10

9

8

7

0 | ey A Boneiedbt Sl s LB o Lo
0 10 20 30 40 50 60 70 80 90 100
Harmonic order

(V)
3N 6.18 aulnasinszuaiildnnmsmaassnuldden ludeafugli 6.16
(n) mlpasnszuaurasieneuihnms ey

@) 2NATINTLUAUNAIDENAITIINIT BALTY

It 3 192903nseedsueniivuununuuney namsnaassuaaslddeglii 6.19 uasaun

s - 9 ar P
AT ueInLaAd lAaaIsUT 6.21

G



CH1=5V v CH2=5v ] CHa=5V : CH4=5Y 1 Sms/div
DU: 101 DC 101 : DG 101 : DC 101 ¢ (Smsydiv)
; : : 2 s
(n) e
(V)
(")
()

5N 6.19 gUndunszumiloldressnsowuwadv
(M) doyaunszua Inoa (;,) A0A x:5ms/div,y:10A/div
() Aynanssuauwadm (i) ana x:5ms/div,y:10A/div

(") ﬁﬂg@Wﬂ!ﬂikaﬂ%ﬂL‘]ﬁﬂ () ?NA x:5ms/div,y:10A/div

(9) TYYIUNTUAUNAIDIY (i) TN x:5ms/div,y:10A/div
CHI=500V : CHZ=SV . p 7 T Emsjdiv

DG 1001 P DG W : : i (sms/div)
i : H LIS, SO L Eorrani NORM2KS )8

(M) NEUMIFAY JUVUMND x:5ms/div,y:500V/div , 3101 ena x:5ms/div,y:10A/div

CHI=200V : CH2=5V i : T Smsydiv
DC 100:1 | DG 101 H : i (Smsydiv)

NORM:200kS /s

() 1IN IBABY JUVUAND x:5ms/div,y:200V/div , 3N eNa x:5ms/div,y:10A/div

5U7 6.20 JUndUU LAz ASTUALNETIY

72



73

In/11(%)
10

hhnm......

o] 10 20 30 40 50 60 70 80 90 100
Harmonic order

(M)

In/T1(%)
10!

¢

ac

70

60

50

40

30

2q

1d

[0l T e P T I T A T Sap—
0 10 20 30 40 50 60 70 80 90 100
order

()
3 6.21 snasinszuai laainmsnaaesmelditou ludeaiugiln 6.19
(M) alnasinszuaunasneneu M vasy

(v) MnAsInTLIaIM A IenaININTBAsY

aramsasulIousudiumsnaassnanieminaaouIvaa 3 Uszian laun 29

s
A o o w 4 a

. o .
sFsanszuauuusain uaasdegli 6.1 fagUd 6.2 lunsdiiimsshiaasueiindavia

=

o W = ) ' a A o a W oW
vsnseshidaeniiuuuvunuiissediuder WeanndhuTnasiiadnszuaeiueiindusy
7 mildasesnsewmadnislilinadenisnsesersueilndudui s uaz7 WevhmsAnsan

P 1 o w = < - Y o :7

3UN6.19zM 9129950509 1dmen i uuvUE IS sREn sTLdes ueTin Ia 1 T4
L - Y o 4 ' Pl

nszuaunaseldyanalndifelaniuniy  dawTnaadszinniasesGeanssuauuuyany

a 7 Ay ¢/ a o P o o ¢ Ao A4 qu
!LﬂtllﬂﬂqﬂiﬂlﬁﬂilﬂuI‘Hﬁﬂ‘l’lﬁ‘i‘Nﬂizlmﬁﬂﬂjﬂuﬂﬁ'lﬂﬂﬂ 1uﬂ15ﬂ7%ﬂ81iﬁi’)uﬂﬁ]\11“ﬂ’3~‘l‘ﬂi

A599R IO NANHVUHAUIIT UAITADT WA UTLHI19199T NS DN FHAVI99INTDIRIE



74

=) 1 = oo
HENNNLUVVHIULAZINMITNADDILLINSNATDUoDNY 3 ﬂ‘iiﬁ ﬁi‘) ﬂiauiﬂﬂ"lfﬂﬂﬂi&m
a - 3/ = = 1 a A Y o o =
8'1‘51J’Emﬂiﬂfj1‘h"3ﬁ)§ﬂiﬂﬂlmﬁ"ﬁ?‘[mﬂ\iﬁltﬂﬁ&ﬂﬂ? ﬂ'im‘i’lﬁ@ﬁal‘lf’Nﬁ)'iﬂ'ii’)x’iﬂ’lﬂ\‘iLL@ﬂ‘VW\lu‘]Jll
= 1 A < k) o o
mmummeumﬁm UagnIuneay nJum‘;‘“lma%sﬂsmmaauaﬂﬁwﬂmmtmuwammmma

o 3w :{ = c; & = Y A Y s
ﬂ']i".]'lﬂ't‘)ﬂllﬂ%ﬂﬂﬁﬂﬁulﬂﬂﬁ‘iﬂﬂ 6.3 D95UN 6.21 "]N%$W1J')’13Jﬁﬂ‘ﬂm$1ﬂmﬂENﬂuiJ']ﬂLlﬂE’,EN

U Q[
v

Y a8 =2 =0 3 o .4 a Y a =

Llﬁﬂqcl'ﬂLﬂuﬂﬁ’:l\iﬂﬁﬂ'j@ﬁ‘ﬂ]lﬂﬂ@ﬂuﬂﬂﬁ"]ll’l'iﬂﬂ'mﬂﬂi3“?\'@’]5NQUﬂqﬂﬂﬁqlﬁuqﬂﬁ’]ﬂJﬂqgﬂg
1 o a ; ' i o

LaZA19IAYTENDUANUHAINYUT IVDINTS T (THD{.) ﬁﬂ’mﬂﬁﬁllﬁgﬂgqulﬂmmu1ﬂ5§1u

IEEE Std.519-1992

a o =
6.2 MIUIzNUANIIOULIZTVVYDI2905NTBIM TN
msnaaeuielsziivaussauzveasnsauiioth linaasunuivan 3 dszianldud
2vsEsanszuauuusaind wuuanyl sazuunIndmaesntimslSuamugasun 1u
msdamdd Wi 1ald 1 adSeeamineslineste YOGOKAWA  ju HEWLETT
1 4 s A H s 4 s
PACKARD fu 973A ifhuinsesiiofauaznamen dadeyamiuniosiodalduanslily
giﬁl = g o ' ¢ -
MarUIn (n) Minageviltlumsulssuisunlesisuavesniesnsznounnuiaiousiy
9
(THDi) snlszaniam(n) mdszneumdsIWihemuazaosnsznouanuiaiiouuos
aszna@AielinmsuasunlasTnaa liidhuFaduiduInaaliasenn  200-1000w  Taw

VIGUIIAUTA UMY 220 V_

wealnamilursesiseanszuanuuaaninm

18

10 =

%THDi

200 400 600 800 1000

Output Power (W)

" v o ' ’cd o 1Y d
5% 6.22 anuduiussznhalesiyud THD, fumsnlasuuilas Non-Linear Loads

G



PF

0.8 <

0-7 ]7 ] 1

200 400 600 800 1000
Output Power (W)

U7 6.23 anwduiusszndiei PR Aumsudounlasues Non-Linear Loads

0.95

DF

0.9 -

0.85 ; , | !

200 400 600 800 1000

Output Power (W)

5U7 6.24 anudiussenind DF fumsi/asuiias Non-Linear Loads



100

S

%Effeciency

200 400 600 800 1000

Output Power (W)

a o w d ' 1 dd o o = <
310 6.25 AnwduWuTIEnINAesdug 77 Aunisn/asunias Non-Linear Loads

iolnamduisesiaenszuauuuyfani

—— Lnnnm
0 - —l— A
15 4
=
E 10 -
G
5
0 I [ | [

200 400 600 800 1000

Output Power (W)

4 v o v 1 ) =
31 6.26 anuduRuTsEn R mlesidud THD, Mumsasunas Non-Linear Loads



{_—o—_ e
. WLLMAN
09 -
LE,
0o
0.8
07 T T 1 |
200 400 600 800 1000
Output Power (W)
51fi 627 anwduiussgninm PF fumsiaouuas Non-Linear Loads
—— L
1 — i wunan
g .—,./:._‘_/I/.k—_-‘
L
o
0.8 -
07 T I I I

200 400 600 800 1000

Output Power (W)

4 @ w 1 ' @ 1
57 6.28 ANuFuNUTIENIeA1 DF Aunsidasuuias Non-Linear Loads

77



=
} :‘:memu\ l
l WLLINAN

100 e

%Effeciency
o8 888

200 400 600 800 1000

Output Power (W)

a v W v sd w & .
3 6.29 anmduiusTEnIeauedisua 77 Aunsiasuin)as Non-Linear Loads

2 o a d [
wielnaailurses IndmnesuuudSugayuau

—&— LUy
—l— Juunan
15 -
~ 10 4
o
T
=
S~ 5 |
O [ [ [ |

200 400 600 800 1000

Output Power (W)

510 6.30 AnwduRuTsznenmlesidud D, fumsilasun)as Non-Linear Loads

78



PF

0.7

0.9 -

0.8 -

—&— Ly
WUURNAN

200 400 600 800 1000

Output Power (W)

UM 631 anuduiutsendnem PF Aumsalasuulas Non-Linear Loads

0.98
0.96
0.94
0.92

BF

—— Ly
—l— sy

200 400 600 800 1000

Output Power (W)

U7 6.32 anwduiussendnem DF Aumsalasuuilas Non-Linear Loads

79



80

+LL‘LILI‘1I1J’]H
100 - allenail
)
2 g -
@
D
D 80 -
R
70 , . | —y

200 400 600 800 1000

Output Power (W)

1 v ow ' 1 (4 o i
31 6.33 amdwiusszninawlesidud 7 Aumsuwasuuilas Non-Linear Loads

wamsnaavagUil 622 fegii 633 WlumsuSvudsuanuduiusseniadaiina
amlaun %THDI 7 PF way DF fummsifaouudasivan IiassvesInan ludhudadu

Usziananee uaznnmsnageuniia Mihaunsoagdmdviiguamaeu uazndaldies

n3o9lddan199 6.2 tag 6.3

M3 6.2 astnunmmareuiina Iiihnouldrsesnseshidaeniiviuuuu

waznauiiaeny Inaa luduFadunuue

2905TNTLUT | 2995nIDINAULDN
. - 42.780 96.986 0.701 0.752
suvaanimw SIS IS TRTLIRTRAY
29950509AAILON
299515 8aN LA ANV
— 41.493 97.531 0.909 0.922
wuuyann | 2eesnsesiiduien
=y
NHvUIMIUUREY
21995NT09INDULDN
TnSamesuuy VLIS IGATRLT,
) —— 31.529 94.643 0.785 0.951
YTuyugaruIy | 2995ATRIMAEN
ANV VR




81

c.‘; 'ow oA c;ncu s 3 o =
1314940 6.3 ‘ﬂ'Iﬂ‘]iuﬂﬂ!ﬂ’lWVlﬂﬁﬂiJ“b’]WﬂﬂLl‘V‘J“N']WﬁQCl‘H'N%Sﬂiﬂﬂﬂ?ﬁﬂ&l@ﬂ“ﬂwlmﬂﬂj‘u'lu

oo [~/ ~ 9 1
uaznauiaeny Tvaa luluFadunuuaian

szinnlvan sgiomees . | AIABIAMNIN
TaiiduFadu 303 iR e oimpat i e G P DF
2995ITBINTLUA | 29950509818 9L0N
p . 4.119 90.365 0.961 0.976
suvaann TR L[S VRIG A TRLY!
29950509119 9LDN
. . 4963 94.183 0.982 0.989
29951589N5 LA WLV
wuyand | 23esnsesdidanen
. 4,665 90.570 0.980 0.957
NNVUIULUVHETLY
2995ATDINIADN
- 5 . 4,941 90.637 0.945 0.991
InSamesuuy AU VVUIY
UYTuaruIy | 2993n50afdaen
. 4,728 88.309 0.951 0.984
VMU UNEY

MINN 6.2 az 6.3 uansraagUmarigunnglatiunadeunida Wihneunasnasld
J & @ 3/ ° £ od a -:f

29930509 58INANeY Fannwansnaaoralldssnsesi lilesidunnuiamiounsi
o aoA " a 1 T e o w
vaenszuagsveiliniuaanaslaghifiu 5 % ananasgiuana  drumaalsenouiid
Idinseailodadidslnih 1 Wate YOKOGAWA {u 2534 wait ldAeardalszneumdaas

[ a y a 3 [ 1 =1 1
AMnNuHAEuYBINTsualvANLAIY  1INHAaMISNATRUAINA AR 1IN NI199INTBY

=

miueuemunsoud lvilgmouideannnnsusiinuazmsidouma’ldess  dauanlszing

mMwvesszuvziivinaaaauilosninfannugydeanmsaindiaz 1995 nsownadHiil

as = o 1 1 S 3 A o Y a 1 = ¢¥ 3
aunileniviond laslimanuaumunglunmliifemanugydeiula

msfSeumsvvinadinamasliihvesrsesnsesiaeniiv
{ { o o 4 = oo o
JUM 6.34 uazzUn 6.35 nanulosiduamsSouiouvuiaiinavessesnsesdiaauen
[ E 1
Aupyvuuuuuraunuuuuvuu laede Tvaalssinnaiegaannan Iidesdwiinldns
vsnsesenfivvuuuuukauiiefiGudunafitaanauiiy 14.7%uas 15.9% muddy
A i o s =1 3 = = s s :;
FuuIniianavedeesnsesnidaeniviiuiannmsildinsnsewmadduduisiaz?
aeswlaslumenguinrsaalate 100 % ualumaliRannsoasnseuassueiindes
v W a 3 1w o o b a a Y A
duausNAU IAMIAY 36 Weilkuddioaiannmseenuuui laianuaaiamasu e

anuiursaigaauialumsnses lifmiiaas




300

200

VA

100

F:z:

VA of Hybrud APF
VA of Shunt APF

400 600 800

Output Power (W)

1000

82

31U 6.34 manfSeumsuvinaidavesisssnsosdidaneniinaenisi/douna/as Non-Linear

Loads U3210M3993i503nszuauuuyan

400
300
200
100

VA

VA of Hybrid APF
VA of Shunt APF

200

400

600 800

Output Power (W)

1000

517 6.35 MmanfSouisuvnaninalssnsesdidaeniivaens/aouuasTvan Non-

a @ (a1
Linear Loads 1/5ztnn InSamasilSusmugasuiu



83

6.3 WANDUANIZFINJUDINISIMIIY

LY

luitiseimanageuiesnsesdidueniiiiednyinanoudn1IzHIn Y0NS

» ' Y 1
Maenszua Inaninmsndsulaswudu Inas luduFadunldlumsnaaealsenoy
o a ' a ot v
Awrvsissanszuauuuaadnd  suuyay uazuuy InsmmeshiimsTuanuasuau
o \ 1 [ w [=]
Tagimsiasunlas Inanvea2995509nIeua0g19R UNEaUIN 500 W wuily 1000w 92 1d
sUnduvesdyINnIZuaAIgUN 6.34 1Az 6.35 MUAIAY  VINHANITNAADINNITATOIMAS
=1 s o o o =Y 1Y P s Y] o
wonidamuisanidanseuassuein ldavuzalasunla Imasuuusundunaz isana
& ' & P o a 3 4:}5) (=1 Y &
anzdng lavdszana 2 muase Faluanuilueswdiinaneuiduafiludefedianiia

1 a g aa g/ Ao w Y A
ﬁli’Jﬂ'I5Lﬂﬂ‘ﬂ'i'I‘L!m‘]ﬂl’u‘YlNﬂTm‘;"uLliﬁﬂﬂu@ﬂﬁﬁmﬂﬂ’liijﬂﬁtﬂui]ﬂ“ﬂ’ﬂ"] WUDHUI

o

CAeaY. ¢ GHEsSY T EEeV | : ~ Soms/div
ET | KW o e g : . (50ms/div)
: : : : - : 'NORM:Z0KS /5
Q) | : :
VARALARAAL
Q)

§ o 1 A = 3
311 6.36 HAABUANIZFINFYULIAY Non-Linear Loads 1/5210N2995i5 095 suauunana
WUy TagdelesnsesmdsueniniuuvLIu

(M) JUnAUTYRIUNTZUAINAITIY (1) AUNA x:50ms/div,y:10A/div

o

() UndudyImnszud Tnaa (i) aina x:50ms/div,y:10A/div
(M JUndudyaunsZIasATY (i) A0 x:50ms/div,y:4A/div



CHI=5V : CHZ=5vV | CH&=5Y ¢ 3 . S0ms/div
DO 10:1 DC: 10:1 DC_ 10:1 . (SUms/dnv]
(ﬂ) . . . . NORM ZDkS/S
(ﬂj) I : o k: 3 :
nnnnnAﬂDnnnnﬂnnnnnnnnnnnr
ik Rl UUUUUkUUUUUUUHUUUU
(M)

84

311 6.37 HanBUANILFIAFUULIAY Non-Linear Loads 1szinniavsiSvanszuauyuyany

AUNAU launer995nTeamasenwLuuILIY

(M) jUnAudYRIUNTZUAUNEITIY () AINA x:50ms/div,y:10A/div

o

) JnAudyananseud Tnan (,) dina x:0ms/div,y:10A/div

(@ 3UAAUAYRIUNTIUABABY () TAD x:50ms/div,y:10A/div

CHI=5V  : Chz=5v : CH3=v ¢ : . S0ms/div
DC 10:1 © DG 01 ¢ DG 101 ] : (50ms/div)
: : : : : : {NORM:20KS /s

ﬂﬂﬂﬂnnﬂnnﬂﬂﬂ]ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

() MuuuuuuUUUUUbUUUUUUUUUUUU

U7 6.38 WaRBUTNITHTINFYMLIAN Non-Linear Loads 1/521an29935 vanszuauuuyfany

Aunanlaeno99snIoamaaueninvMILUNEY
(M) 3UndudyUNTZUAUINEIRY () DA x:50ms/div,y:10A/div
(v) Undudyanunszud Tnaa (i) @na x:50ms/div,y:10A/div

(7) JUndudyIUNTTUTYAYY () ANA x:50ms/div,y:10A/div



85

CH1=5V  : CH2=5Y : CH3=5v : T 5Dms/div
DC 101 ¢ DG 101 ¢ DG 101 : ¢ (50ms/div)
: : : : : : NORM ZURS/S

()

() '\Ve’\ﬂvf\v{\vf\/’lﬂnnnﬂ(‘ﬂﬂﬁﬂﬂﬂﬂﬂﬁﬂnny
\ VUUUUUUJUQUU;UUU?UU;UU )

(a)

i < ' a a o o w 1
31N 6.39 HoROUAN1IZHIAGUMEIAY Non-Linear Loads 15zian In3ainosnundulasdoas

5n50eMaen WL YLIY

s

(n) gﬂﬂﬁuﬁmﬂpmnimmmﬁaﬁiw () auna x:50ms/div,y:10A/div

() junaudyaunszua Inaa () M0a x:50ms/div,y:10A/div

v o
[

(7) UnAudyaINNIZITIATY (i) ANA x:50ms/div,y:10A/div

o o

5BV : . s0ms/div
01 : : (50ms/div)
E : | NORM:20kS /s

(M)

i nnﬁhnﬂﬂnnnnrnnnnnnnnnnnn
“”“”“UUUU SEVIVRVAVAVEVAVAVRVAVEVRVA i

Q)

U7 6.40 HaRBUTN1ITFINFUNZIAN Non-Linear Loads 15zinn InTaunosdunaulavsed

35n30IMAIueNNNIUULD UMY

ar

(M) JUndudyaUnsTUAUMAIIY () B0 x:50ms/div,y:10A/div

(v) JUndudyaunszudnan () @na x:50ms/div,y:10A/div

o

¥
=)

(7) JUnRUdYIMNIZUATAIBY (i) T10A x:50ms/div,y:10A/div



86

6.4 manfSeufsuanasia1suediniuinnsgiu IEEE Std. 519-1992

In/ Ii(%)

25 —— — e ———

] 1EEE Sd. 519-1992

E3 gefore
20

After

3 Q 9 q N | g
3 B§§ .j% n:g& EE$ n§§

3th  5th  7th  9th  11th 13th 15th 17th 19th 21th 23th 25th 27th 29th 31th

Harmonie Order

:; =) =) a a o 1 @ o o @
gﬂ‘n 6.41 ﬂ'lil‘ﬂ':"U‘]_IL‘VIU?IJﬁlﬂﬂﬂS'1éﬂi1]?)11ﬂ‘l.f’fNﬂ'j3!.!.’cTLl‘H’ﬂ\‘}il"lEJﬂBuLm%ﬁﬂﬂJNi]iﬂiﬂ&ﬂ'lEN

woniiruuuvuIUIRsIstuRsIMLINIATFIU IEEE Std.519-1992 naaidu InTmnes

In/ 11(%)
25
3 IEEE S1d. 519-1992
Before
= S atter

3th  S5th  7th  9th  11th 13th 15th 17th 16th 21th 23th 25th 27th 26th 3ith

Harmonic Order

517 6.42 msnfSeuifvanlansierfueinvenszuaunditioneunazndainsesnsoamas

e TAINYU UL UNENAINIATFIM IEEE Std. 519-1992 Tvaailu Insaned



87

P=1 = P=1 Jd o Cd 1 =y csy o
sUN6.41 waze.42 uaaimanlseumoulesiFuamlnasivesmanuAaiounsEuaes

=% =1 %) o " [ =1 o
wollniisuivenlsznauyagiuneutaznaInssae Taolidos muaniuuInsgy IEEE

v ey &

' o = w i
Std.519-1992 ﬂ']ﬂg‘lj%$W‘]J'J"|ﬁlﬂﬂﬁ3’1"1}@\7ﬂ5$l£ﬁ§ﬂ§3\!El‘l-lﬂ“v’lﬂ@uﬂ“l]llﬂ‘]aﬂﬁﬂlu@iﬁ'&@%ﬁﬂi@ﬂ

]
o o =

\:-‘ 9/ A o 1 - o A A 4 =Y
Mawenfinniae s luluszuuuasiimdinhwiasguidmuailoinsanesuein
v o e i § o a @ w 1A = 4 e
guaud drufigrsuetndudugessiisuiumaspuiisadaniouiiosnnguauiivesis

4 a § 4 a2 1
vsnseaenidianumuisalumsnsesnszuaarsuoininnudgeld biddldnan13lu
Pai oA 9 1 d d o = :? o a A1 e ]
un2 wailonsan1nninlassauudrandesiudnisAaiousuyoses uoiininidingd

4 g ' /3 o
MIATTIUFBINN 5 1Wosidun

6.5 ag
Vv A o o 3 a a1 o 1
nnnansnaasslasliesnsesiinauslumsidanszuaesuoiiniinony Tnaali
a 1 4 a o L4
WwFaduldun 29vsoenszuanvuadwiny wouvan waziuyndmaed nszures
a A ° 9 i K A 9 = s ng =
vonlvwaannsi ldnszuaunastelidnyaz Indifoslsninindunazamisolsziii
AUTTOUTMININUYDININTOY IAduns M giauTAvesmastiguamasldmsnlasu
wlasTwaalifludady  dwnsdifimdnlszneniduiolfnrinsesidaueniinuuu
' 1 E4 1
nuuravszlvadiinduiiel999snsesdidauenfivuvvuiufivsediufioniuiioanind
nszuayaededaidan ldezlinnugndeanngaiiina Ifhuezassuasawodradaila
= - A g - &2 9 A o Y S A a
pniinszuasueniindiniiniieg luszvuiadesdinisdSunuldmungaunnasuiielinis
4 ' ' e &
wWasuwlasTnaansegduuumsnses  eld Idminszuasasedrdaiinnugndsanniu
= ﬂ aa P o N\lwr o 9/ ' o
astimseanuuuillunuuataeadgzi i ldsnszuaiiinnugndesganduuezuiion
=2 v ° a @ ' = a v
Tuthudenini lufsanlumswannde liazainmsnlSouifisunnaidayeanssnsos
Aaaeninvuuuraunina Inaanuhilvadiniudefsudums l4asesnseafids
o a oA 1d o A o v A qw o (o v
soniivuuuyuIMRsed1uRandnslvuinanndiegive liesnsosumwadienld

1 = P = g = = 9/ T =
0U'l\‘ill‘lJ53ﬁ‘YI‘ﬁﬂ"IW‘I‘LEﬂ'I‘iﬂﬂﬂLL'I_I1J"l]Qﬂ'ENlJﬂ']i‘Wi]"l‘a'ﬂl’l‘U‘E]ll“ﬂE)U’Nﬁ:’LE]Uﬂ



a
unn 7

Y
unajiluazvorauanuz

Ed
awu A = o o w o ar ot
\ﬂu?fﬂﬂuvl@sf?!ﬂi?%'ﬂLLﬁ$E]E)ﬂLLU‘LI'N"1]'iﬂﬁ@\‘Jﬂ1ﬁ\1LLE]ﬂﬁV]“UH1uLL1I‘UNﬁ‘JJﬁ"IH'i‘l_lclfl?ﬂll
o 4 A v 3 a  d =
ITUVUTIAU 1 e 220 I'Jﬁ“ﬂ Llﬁ?,I‘Hﬁﬂ‘lflﬁi']ﬁﬂimtﬁé‘l'l‘illﬂuﬂllluﬂﬁ$lﬂ‘ﬂ’Nﬁ]i£iUﬁﬂ‘i$LLﬁ
'3 = o d ot &
ppuaann Wand wazuuulnsamesniimsUSuyugaruinanin 1 kVA 4929950509

o w =) :; 3 o ::Iw o " [ 1 oA
ﬂ'l’ﬁﬁl!.ﬂﬂ‘ﬂ“f‘l‘llu11JLL1J1JNET‘JJV]U1G]N']L’CTUBukﬂuﬂﬁﬂ'lﬂ'luiﬁhﬂuiﬁﬂ’J'IﬂﬂﬂftliﬂiﬂﬁLLWﬁ“ﬂﬂﬂJ

v
a w o ow oA

{o w o (Y o o A o ~
1’1fl"]ﬁﬂ'mﬂﬂi3£1ﬁ§153JGUﬂﬂuﬁUﬂ 5ung 7 ﬂ‘U'J\’i’ﬂiﬂﬁﬂ\ﬂfﬂaﬁli@ﬂﬁwliﬁﬂﬂ]u']uﬂﬂ']ﬂﬁ']ﬂ

]
s LY @ A =

o 4 a yu o = wa
Avanszudaiveindudunmaevesszuy  wonvnddaldiimsuSouivuguauiia

Y 1

YBINIINTOUVVANY davmariinmunmldun THD, PF DF uaz 1 fummsilaou
¥
udasveaInon lWnssues Non-Linear Loads 59199 1aTimsAinszfiadiosnmanaisesany

4 =Y o o d =
wnelfinaanumuzanlumsmianszuaesuein  MAMsAREIRUA LA NARDIY

fl
a
aw o 1 9 o ‘iy
]

vAsnanansnagl ladall

7.1 agdwamanaaes

]
=

711 MmN zuasawesde lduaueiindnasndw ligendudeou

o

o a Y o '

uazlimsldmadengllumsadeadyanalmidumaussduildiinszuase
1edaBaiinnugnAsanazuiudigs

712 naRamInaaed lasmaFeumsumasiiganwiuminmsalasuslasinaalv
A539U99 Non-Linear Loads IngnaaoUa187393n50aunaan  2995n5098183100
- o w &
Aiuvvy wagreesnsssmdaeninvIUURNaUFI s anaauduns v

ar o d A:%, Y 4 A 1 P 9 o ar

ANNANNUTUAE S IHIHUDIAUTTaNZVDINTNTDILAaZLUUNIF Iunsiida
ASZUAEISNOTIA

7.1.3  Tasnanmsudiviuia kVA v892993n509maueniin lelur9asnseesidaien
= = A d v Adq ¥ o o a
ANvUIHLUURENIETYNIA kKVA anannTainldaasnssamdauaniwuuiu

au A

P=1 L] =] A Y 3 g 2 1
INUIDUNLAYTD “N‘il'lﬂﬂﬁﬂ'li?ﬂﬂﬂhlﬂuﬁﬂﬂulﬁLﬁuﬂﬁﬂ'l'llllmﬂﬂ'l\fl‘llﬂqal.m'lﬂ kVA

A A

o e o =Y 1 O [ o w
7.1.4  lunmsivanszuaarsvoiindelinsasu TMasuuuaunay 299503509189
wonuuvvIULaLUUNTLSIIT LT 0au 1AA
o o 1 o
7.1.5  HANSNARDUNITNINUUDITEUULAA 1T I U995 A 0IMaauen WL LN
a 3 o a o J o o o = 3 o Qs 9/
1 lavmsievunamisaiianssuaasueiinlieglunasifivensyldau

W17 IEEE Std. 519-1992



89

7.2 YorauauUEMINAINITene 1

7.2.1

7.2.2

7.2.3

o o w a o o =Y
Tumsiueasnssasdaeninvumuuway U ldnuss s uiudosiorsan
v
A3AANDNIINTOINAWANHITIDDANTZUUAIEY AU damIsRaLIsEuY
Tidwniimihnlunsdadeszuulsnsouenividieennszuuiigasy
'y
DYAY
A g/ Y] A LY a o ciud a o
1HD991NNITMI AT WA YU TZLasaen 1F lunuIdeidluiuvezuiaenii
Y a w PR W = Ao 4 v A
THinadyausuniulad Tﬂumwwfragfg"amaﬁmawavmﬂuﬁtytymm
o o 9 = 1 U s 4 o 9
vuraan M lvaeesianuesu Ivideduaiusuniudiorsniliszuums
MauAana1a  danaliieesmaufannudenoio91nnsanlssivaei
A a v ¢ a A' ar 3 a1 oy ad o
AupuInuYeIglnsaladade duiuauItede laisfoudtaanssuayay
= aa o L.
8198auazavesmrvquiluuuudiaealasld lulasnouInsamesuso Digital
. =& 1 Y o ' uly ' QY
Signal Processor : DSP @49z3eunilymiaenan la uazvzsivaai 991oue99
1 '3 ] 9 o
VIAUTU WIIRUUVY 4 AeauauFiaziny Wudu dawalimsiinuvesis

9 a A ad a ¥
ANADY LASUITDUTATNAYHDNAY

au

¥ [l

Y
9991029950509 18 suen v U uRauf 1dvn1s3sei luauuesianiy
_ F & ;

aunszuald  Hysteresis Comparator devzdanaliiAinmsnsznwvesnguemln
o a a A o Yo w ] A a AN 1 A a
as1g1sueNnveIMIaINge mldminoonldenilesnndnnud lunef asil
s Y :; = q' 4' = é’ - ={ dll 9/
msvanngluuumsaivquaszuaIdianudmsainFaninaduiininaine 14

" v oo J a 1 { a a A
QTUGI?Jﬂ'I‘iﬂ'H]ﬂﬁ'liilﬂuﬂtluﬁ?uﬁlﬂﬂﬂ'lﬂﬂ'l'iﬁ']ﬂ‘h'ﬁ



(1]

(3]

[4]

(5]

(6]

[10]

[11]

90
Y a
1IN 1ID IO

J. Arrillaga ,D. A Bradley , P.S.Bodger. Power System Harmonics. :John Wiley & Sons
Ltd.,1985.

P. Z. Peng, H. Akagi and A. Nabae “A Study of Active Filters Using Quad-Series
Voltage-Source PWM Converters for Harmonic Compensation.” in conf. Rec.
IEEE/PESC’87, 1987, pp. 204-211.

quUNs 9. “ms9ammnﬁmmzﬁuﬁqmmﬁaﬂsaaﬂizuﬁm{uaﬁﬂ%ﬁﬂﬂim
Boas Anoriwusmassumansumtiada awidanssy Wi VUNAINGNDY,
PaInsaluMINendy. 2539,

auysel  udsnAndyd <yl wanms wazmsiszgndldaeasnsesendiv.
nmsdsznoumsensums dhuasnase  madndmanssudih  pnasnsel
WAy, neh 1-47.

Adwey Andiaanema, aws*iff HAIANDYE. “93n3709M NI IVBYNTY
dmsvaanszuaasveilinuasinuseaunsaiu mstszgninmsmedanssuly
Fhndadl 18, 2538, W 176-181.

H.-L.Jou ,J.-C. Wu and H.Y.Chu ‘“New Single-Phase Active Power Filter.” IEE Proc.
Electro. Power Appl., Vol. 141, No. 3, May 1994, pp. 129-134.

David A. Torrey and Adel M.A.M.Al-Zamel “Single-Phase Active Power Filters for
Multiple Nonlinear Loads.” IEE Trans. On Power Electronic, Vol. 10, No.3, May 1995,
pp. 263-272.

David A. Torrey and Adel M. A. M. Al-Zamel “A Single-Phase Active Power Filters for
Multiple Nonlinear Loads.” In conf. Rec. IEEE/CCECE’94, 1994, pp. 901-908.

Bhim Singh, Ambrish Chandra and Kamal Al-Haddad “An Improved Single Phase Active
Power Filter with Optinum DC Capacitor.” in conf. Rec. IEEE/PESC’96, 1996, pp. 677-
682.

Chen Weiji, Chen Wenhong, Ma Xiaojun, Chen Jianye, Wang Zhonghong and Han
Yingduo “An Adaptive Noise Canceling Theory Based Single-Phase Shunt Active Power
Filter.” in conf. Rec. IEEE/PESC’97, 1997, pp. 191-196.

Chin-Yuan Hsu and Horng-Yuan Wu “A New Single-Phase Active Power Filter with
Reduced Energy Storage Capacitor.” In conf. Rec. IEEE/PESC’95, 1995, pp. 202-208.



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

91

P.Chevrel, F.Auger and M.Machmoum “Hg, Control for a Single-Phase Active Power
Filter.” in conf. Rec. IEEE/PESC’96, 1996, pp. 1112-1118.

B.R.Lin and Y.L.Hou *“Simplified Control Method for Single-Phase Multilevel Active
Rectifier with Current Harmonic Filtering Characteristics.” IEE Proc. Electr. Power
Appl., Vol. 148, No. 1, January 2001, pp. 85-96.

Fabiana Pottker and Ivo Barbi ‘“Power Factor Correction of Non-Linear Loads
Employing a Single Phase Active Power Filter:Control Strategy,Design Methodology and
Experimentation.” IEEE/PESC’97, 1997, pp. 412-417.

K.Haddad and G.Joos “Implementation Issues for Half-Bridge and Full-Bridge Active
Filters in Single Phase Application.” In conf. Rec. IEEE/CCECE’97, 1997, pp. 544-547.
J.Sebastian Tepper, Juan W. Dixon, Gustavo Venegas and Luis Moran “A  Simple
Frequency - Independent Method for calculating the Reactive and Harmonic Current
in a Nonlinear Load.” IEEE Trans. on Industrial Electronics, Vol.43, No.6, December
1996, pp. 647-654.

B.N.Singh, Bhim Singh, Ambrish Chandra and Kamal Al-Haddad “Digital
Implementation of a New Type of Hybrid Filter with Simplified Control Strategy.” in
conf. Rec. IEEE/PESC’99, 1999, pp. 642-648.

Chin E-Lin , Wei-Fu Su , Shun-Li Lu , Chin-Lin Chen and Ching-Lien Huang
“Operation Strategy of Hybrid Harmonic Filter in Demand-Side System.” in conf. Rec.
IEEE/PESC’95, 1995, pp. 1862-1866.

afind Mdiasna. “msinnsiiaslsaiugaaiiveanafinmadiioagadui
Huouuadmnes I FTUUUA 19 S IMSTUBUNDS 19BS HITATIUUTIAU.»TNUITNUT
Ianssumansumtada  mvdmnssu Wi Jadedneds, aoniumalulas
WizvounaudIuUNMIIIANTEIa, 2544,

looz uiudos. “msudilymeniueiinlasmslddnsosariuoing quiduimey
mrymmwzAuma ulad Iihdds  sazdmnssumans pnasnssiuminend,
WY 1-47.

G.H. Bode amd D.G.Holmes “Implementation of Three Level Hysteresis Current Control
for a Single Phase Voltage Source Inverter.” in conf. Rec. IEEE/PESC, 2000, pp. 33-38.
N. Mohan, T.M. Undeland, W.P. Robbins. Power Electronics Converters, Application,
and Design. 2" Ed. :John wiley&sons, Inc. 1995.



v

VDAl

MANHIN N

d' Y d'i I -V 4 Y
NeINUIAIRINBIANENAADY

92



11‘“?] f.1 Digital Oscilloscop

N2

=h.

|

aell

- 5%0 YOKOGAWA, 8bits 200M/s, 150 MHz

d'l - o g/ = s 9
alpailoiaTran-wewilduBuna 8o HEWLETT PACKARD 973A

93



cant

=

1.3 1504

&

o

ar

f

1)

ar

3

i 1 laduiedna

g/
gvo

YOKOGAWA 34 2534

94



MANUHIN U

T1)s5un33 MATLAB g5y

2 d s
MIIANzHgUMWVBIgUnaunsTIa

95



%%% Calculation program of parameter of delta modulation technique
%% %

%

%%% Input parameter of delta modulation technique

9%--

kk=input('k=");
fee=input('fc=");
vrr=input('Vr=");
fre=input('f=");
ee=13.6;

wwl=2%*pi*fre;

%
potl=kk*ee/(4*fcc),
pot2=(0.5*vrr " 2*ww1/2)/(4*fcc*kk *ee);

pot3=potl-pot2

0/
/0

potd=pot3-pot2;
pot5=pot3+pot2;

pot6=pot5-potd;

%

%%% Parameter of adaptive band

0/
/0

fprintf("** DC = %e **\n',pot3)
fprintf('** Amplitude(-)= %e **\n',pot2)

%

% %% Parameter of sine band

%
fprintf("** DC = %e *¥\n',pot4)
fprintf("** Amplitude(-)= %e **\n',pot6)

%
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%%% Calculation program of quality index of PWM technique

95--

st=input(' Input voltage data');
st1=abs(fft(st(1:length(st)))/round((length(st)/2)));
st2=st1(2:round((length(st)/2)));

inn=input(' Input current data');
innl=abs(fft(inn(1:length(inn)))/round((length(inn)/2)));
in=inn1(2:round((length(inn)/2)));

0h---

zer=0;
for i=1:length(st);
if st(i)>0;
swi(i)=200;
else
sw(i)=0;
end
end

%

%% % Calculation program of pulse number

%

num=0;
for r=1:length(sw)-1
if sw(r)~=sw(r+1)
num=num-+1;

end

[+ 74
/0

v11=st2(1)/sqrt(2);
fprintf(' ** V1rms = %e *¥\n'v1l)

0f-——-




95~

hhh=st2;

hh1=160;

hh2=hhh(2:hh1);
bbb=sqrt(sum(hh2.2));
thds=(bbb/hhh(1))*100;

fprintf(" ** THDv = %e **\n',thds)

0 --—-

hhh1=in;

hh22=hhh1(2:hh1);
bbb1=sqrt(sum(hh22./2));
thdsi=(bbb1/hhh1(1))*100;

fprintf(' ** THDi = %e **\n' thdsi)

%
athdl=st2;

athd1=rot90(athd1);
athdd=athd1(2:hh1);

annn=(2:hh1);

am1 1=sqrt(sum((athdd./annn).*2));
am22=(100/athd1(1))*am11;

fprintf(’ ** DF1 = %e **\n' am22)

%
bthd1=st2;

bthd1=rot90(bthd1);
bthdd=bthd1(2:hh1);

bnnn=(2:hh1).A2;

bm1 I=sqrt(sum((bthdd./bnnn).2));
bm?22=(100/bthd1(1))*bm11;

fprintf(' ** DF2 = %e **\n',bm22)
T
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Abstract

In 1-¢ ac main line system, having non-linear loads, harmonic currents result in nonsinusoidal
input current distortion on the line side and harmful disturbance to other appliances. This paper presents
performance testing and evaluation of a single-phase hybrid active power filter for compensating reactive
and harmonic currents combined with shunt passive filter which is designed to suppress the 5" and 7"
harmonics. The circuit of generating reference compensated current of the shunt active filter is based on
calculation of a real part of t;le fundamental load current having feedback control. In addition, phase-
locked loop (PLL) is used to generate in-phase sinusoidal signal with voltage supply. As a result, high

accuracy and stability of the compensated current signal are achieved. Furthermore this paper gives

experimentally verification of the performance of the proposed technique in terms of quality index.
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Internally Trimmed
Precision IC Multiplier

AD334

FEATURES

Pretrimmed to +0.25% max 4-Quadrant Error (AD534L)

All Inputs (X, Y and Z) Differential, High Impedance for
[(X7 =X2) (Y1 =Y2)/10 V] + Z, Transfer Function

Scale-Factor Adjustable to Provide up to X100 Gain

Low Noise Design: 90 pV rms, 10 Hz-10 kHz

Low Cost, Monolithic Construction

Excellent Long Term Stability

APPLICATIONS

High Quality Analog Signal Processing

Differential Ratio and Percentage Computations
Algebraic and Trigonometric Function Synthesis
Wideband, High-Crest rms-to-dc Conversion
Accurate Voltage Controlled Oscillators and Filters
Available in Chip Form

PRODUCT DESCRIPTION

The AD534 is a monolithic laser trimmed four-quadrant multi-
plier divider having accuracy specifications previously found
only in expensive hybrid or modular products. A maximum
multiplication error of £0.25% is guaranteed for the AD534L
without any external trimming. Excellent supply rejection, low
temperature coefficients and long term stability of the on-chip
thin film resistors and buried Zener reference preserve accuracy
even under adverse conditions of use. It is the first multiplier to
offer fully differential, high impedance operation on all inputs,
including the Z-input, a feature which greatly increases its flex-
ibility and ease of use. The scale factor is pretrimmed to the
standard value of 10.00 V; by means of an external resistor, this
can be reduced to values as low as 3 V.

The wide spectrum of applications and the availability of several
grades commend this multiplier as the first choice for all new
designs. The AD534] (1% max error), AD534K (+0.5% max)
and AD534L (+0.25% max) are specified for operation over the
0°C to +70°C temperature range. The AD534S (+1% max) and
AD534T (£0.5% max) are specified over the extended tempera-
ture range, —-55°C to +125°C. All grades are available in her-
metically sealed TO-100 metal cans and TO-116 ceramic DIP
packages, AD534], K, S and T chips are also available.

PROVIDES GAIN WITH LOW NOISE

The AD534 is the first general purpose multiplier capable of
providing gains up to X100, frequently eliminating the need for
separate instrumentation amplifiers to precondition the inputs.
The AD534 can be very effectively employed as a variable gain
differential input amplifier with high common-mode rejection.
The gain option is available in all modes, and will be found to
simplify the implementation of many function-fitting algorithms

REV.B

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

PIN CONFIGURATIONS
TO-100 (H-10A) TO-116 (D-14)
Package Package
[ ]
x1[1]e [14] +vg
x2[2] [13] NC
ne[3] 2] ouT

AD534
sF[4] ropview [1]21
NC E (Not to Scale) E 72
1 8] [+] NC
v2[7] (8] -vs

NC = NO CONNECT

LCC (E-20A)
Package

NC 4
NC 5§
SF 6
NC 7
NC 8

18 ouT
17 NC
16 z1
15 NC
14 22

(Not To Scale)

A NS

9 10 11 12 13

RN
NC = NO CONNECT

such as those used to generate sine and tangent. The utility of
this feature is enhanced by the inherent low noise of the AD534:
90 pV, rms (depending on the gain), a factor of 10 lower than
previous monolithic multipliers. Drift and feedthrough are also
substantially reduced over earlier designs.

UNPRECEDENTED FLEXIBILITY

The precise calibration and differential Z-input provide a degree
of flexibility found in no other currently available multiplier.
Standard MDSSR functions (multiplication, division, squaring,
square-rooting) are easily implemented while the restriction to
particular input/output polarities imposed by earlier designs has
been eliminated. Signals may be summed into the output, with
or without gain and with either a positive or negative sense.
Many new modes based on implicit-function synthesis have
been made possible, usually requiring only external passive
components. The output can be in the form of a current, if
desired, facilitating such operations as integration.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 World Wide Web Site: http://www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 1999
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Model ADS534) ADS534K ADS534L
Min Typ Max Min Typ Max Min Typ Max Units
MULTIPLIER PERFORMANCE (X, - X, XY, -Y,) (X, - X, XY, - Y,) (X, - X, XY, - ¥,)
. i S bl il EoL Sl SRl Y S Y} Skl Ca ol et WY

Transfer Function 0V +Zy v +Z; 07 +Z;

Total Error! (<10 V<X, Y <+10V) +1.0 +0.5 +0.25 %

Ta = min to max 1.5 +1.0 +0.5 %

Total Error vs. Temperature +0.022 +0.015 +0.008 %/°C

Scale Factor Error

(SF = 10.000 V Nominal)? +0.25 +0.1 +0.1 %
Temperature-Coefficient of

Scaling Voltage +0.02 +0.01 +0.005 %1°C
Supply Rejection (£15V £ 1V) +0,01 +0.01 +0.01 %
Nonlinearity, X (X =20 Vp-p, Y=10V) +0.4 +0.2 *0.3 +0.10 +0.12 %
Nonlinearity, Y (Y =20 Vp-p, X=10V) +0.2 +0.1 +0.1 +0.005 0.1 %
Feedthrough?, X (Y Nulled,

X =20V p-p 50 Hz) +0.3 +0.15 +0.3 +0.05 +0.12 %
Feedthrough?, Y (X Nulled,

Y =20V p-p 50 Hz) +0.01 +0.01 *0.1 +0.003 0.1 %
Ourtput Offset Voltage 5 +30 +2 +15 +2 *10 mV
Output Offset Voltage Drift 200 100 100 uvieC

DYNAMICS

Small Signal BW (Vour = 0.1 rms) 1 1 1 MHz

1% Amplitude Error (Croap = 1000 pF) 50 50 50 kHz

Slew Rate (Vour 20 p-p) 20 20 20 Vips

Settling Time (to 1%, AV = 20 V) 2 2 2 s

NOISE
Noise Spectral-Density SF= 10V 0.8 0.8 0.8 WAHHz
SF=3V* 0.4 0.4 0.4 LVAHz
Wideband Noise f = 10 Hz to 5 MHz 1 1 1 mV/rms
f=10Hzto 10kHz 90 90 90 puV/rms
OUTPUT

Output Voltage Swing +11 =11 =11 v

Output Impedance (f <1 kHz) 0.1 0.1 0.1 Q

Qutput Short Circuit Current

(RL =0, Ta = min to max) 30 30 30 mA
Amplifier Open Loop Gain (f = 50 Hz) 70 70 70 dB

INPUT AMPLIFIERS (X, Y and Z)*

Signal Voltage Range (Diff. or CM +10 +10 +10 N

Operating Diff.) +12 +12 +12 v
Offset Voltage X, Y +5 *20 +2 +10 +2 *10 mV
Offset Voltage Drift X, Y 100 50 50 uvrec
Offset Voltage Z 5 +30 +2 *15 +2 10 mV
Offset Voltage Drift Z 200 100 100 pv/rec
CMRR 60 80 70 90 70 90 dB
Bias Current 0.8 2.0 0.8 2.0 0.8 2.0 pA
Offser Current 0.1 0.1 0.05 0.2 HA
Differential Resistance 10 10 10 MQ

DIVIDER PERFORMANCE (Z:=2Z) (Z:~2) (Z,-Z;)

Transfer Function (X, > X,) 10 Vﬁ“’: 10 V'(T(la:'}';)""yl 10 V(_X,a—_lX,—)+y'

Total Error' (X=10V, -10V<SZ<+10V) +0.75 +0.35 +0.2 %
X=1V,-1VSZ<+1V) +2.0 +1.0 +0.8 %
(0.1VSX<10V, -10V<Z<10V) 2.5 +1.0 +0.8 %

SQUARE PERFORMANCE _ w2 w2 w2

Transfer Function KXY 2 -A) .z, E-X)

10V 10V 1oV

Total Error (<10 V<X <10V) +0.6 +0.3 +0.2 %
SQUARE-ROOTER PERFORMANCE : i

Transfer Function (Z, < Z;) \IID V(Z,-Z))+ X, 1}10 V(Z;-2)) + X, \JIO V(Z,-2))+ X,

Total Error! (1VSZ<10V) +1.0 +0.5 +0.25 %
POWER SUPPLY SPECIFICATIONS

Supply Voltage

Rated Performance +15 +15 +15 v

Operating +8 =18 8 +18 +8 *18 A%
Supply Current

Quiescent 4 6 4 6 4 6 mA

PACKAGE OPTIONS

TO-100 (H-10A) AD534JH AD534KH AD534LH

TO-116 (D-14) AD534]D AD534KD AD534LD

Chips AD534K Chips

NOTES Specifications shown in boldface are tested on all production units at final electrical

'Figures given are percent of full scale, £10 V (i.e., 0.01% = 1 mV).
*May be reduced down to 3 V using external resistor between -Vs and SF,
’Irreducible component due to nonlinearity: excludes effect of offsets.

*Using external resistor adjusted to give SF=3 V.
*See Functional Block Diagram for definition of sections.

Specifications subject to change without notice.

test. Results from those tests are used to calculate outgoing quality levels. All min and
max specifications are guaranteed, although only those shown in boldface are tested
on all production units.

REV. B
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Model ADS5348 ADS534T
Min Typ Max Min Typ Max Units
MULTIPLIER PERFORMANCE (X, - X, XY, ~Y,) (X, - X, )Y, - V)
Transfer Function _._I_IZWI_L +Z; -ﬁﬁu—*' Z3
Total Error’ (-10VSX, Y <+10V) +1.0 +0.5 %
Ta = min to max +2.0 +1.0 %
Total Error vs. Temperature +0.02 +0.01 %/°C
Scale Factor Error

(SF = 10.000 V Nominal)? +0.25 +0.1 %
Temperature-Coefficient of

Scaling Voltage +0.02 +0.005 %I°C
Supply Rejection (x15V + 1V) +0.01 +0.01 %
Nonlinearity, X X =20V p-p, Y =10V) 0.4 +0.2 *0.3 %

Nonlinearity, Y (Y =20V p-p, X=10V) +0.2 +0.1 *0.1 %
Feedthrough?, X (Y Nulled,

X =20V p-p 50 Hz) +0.3 +0.15 *0.3 %
Feedthrough®, Y (X Nulled,

Y =20V p-p 50 Hz) +0.01 +0.01 *0.1 %
Output Offset Voltage +5 +30 +2 *15 mV
Output Offset Voltage Drift 500 300 pv/eC

DYNAMICS
Small Signal BW (Vour = 0.1 rms) 1 1 MHz
1% Amplitude Error (CrLoap = 1000 pF) 50 50 kHz
Slew Rate (Vour 20 p-p) 20 20 Vips
Settling Time (to 1%, AVour = 20 V) 2 2 s
NOISE
Noise Spectral-Density SF =10V 0.8 0.8 WAHz
SF=3V? 0.4 0.4 WV/NHz
Wideband Noise f = 10 Hz to 5 MHz 1.0 1.0 mV/rms
f=10Hz to 10kHz 90 90 uV/rms
OUTPUT
Output Volrage Swing +11 +11 A
Output Impedance (< 1 kHz) 0.1 0.1 Q
Output Short Circuit Current

(R = 0, T, = min to max) 30 30 mA

Amplifier Open Loop Gain (f = 50 Hz) 70 70 dB
INPUT AMPLIFIERS (X, Y and Z)°
Signal Voltage Range (Diff. or CM +10 £10 A

Operating Diff.) +12 £12 v
Offset Voltage X, Y +5 +20 *2 +10 mV
Offset Voltage Drift X, Y 100 150 uv/eC
Offset Voltage Z +5 +30 +2 *15 mV
Offset Voltage Drift Z 500 300 pv/eC
CMRR 60 80 70 90 dB
Bias Current 0.8 2.0 0.8 2.0 pA
Offset Current 0.1 0.1 pA
Differential Resistance 10 10 MQ

DIVIDER PERFORMANCE (Z,-Z)) (Z,-2)
. Ay TS i oy Bl .08
Transfer Function (X; > X2) mV(X,—Xz)*Yl mV(X,—Xz)+Y'
Total Error' X =10V,-10V SZ<+10V) +0.75 +0.35 %
X=1V,-1VSZ<+1V) +2.0 £1.0 %
(0.1 VSX<10V,-10V<Z<10V) 2.5 +1.0 %
SQUARE PERFORMANCE - 2 = 2
Transfer Function ¢ far Lol +Z, X%-X) +2Z,
1oV 10V
Total Error (-10V<X<10V) +0.6 +0.3 ‘ %
SQUARE-ROOTER PERFORMANCE
Transfer Function (Z, < Z,) 1‘10 V(Z,-Z)+X, \,llo V(Z,-Z))+ X,
Total Error' (1 VS Z<10V) +1.0 +0.5 %
POWER SUPPLY SPECIFICATIONS
Supply Voltage

Rated Performance +15 +15 \

Operating +8 *22 +8 +22 v
Supply Current

Quiescent 4 6 4 6 mA

PACKAGE OPTIONS
TO-100 (H-10A) AD5345H AD534TH
TO-116 (D-14) AD534SD AD534TD
E-20A AD534SE
Chips AD5348S Chips AD534T Chips
NOTES Specifications shown in boldface are tested on all production units at final electrical

'Figures given are percent of full scale, 10 V (i.e., 0.01% = 1 mV),

*May be reduced down 1o 3 V using external resistor between -V and SF,
*Irreducible component due to nonlinearity: excludes effect of offsets,
*Using external resistor adjusted to give SF=3 V.

3See Functional Block Diagram for definition of sections.

Specifications subject to change without notice.

REV. B

test. Results from those tests are used to calculate outgoing quality levels. All min and
max specifications are guaranteed, although only those shown in boldface are tested
on all production units,



AD334

CHIP DIMENSIONS AND BONDING DIAGRAM

SF

Yy

Y2 Vg
0.100 (2.54)

Dimensions shown in inches and (mm).

Contact factory for latest dimensions,

+Vg

THE AD534 IS AVAILABLE IN LASER - TRIMMED CHIP FORM

Thermal Characteristics
Thermal Resistance 8¢ = 25°C/W for H-10A

B4 = 150°C/W for H-10A

Byc = 25°C/W for D-14 or E-20A
Bja = 95°C/W for D-14 or E-20A

CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection.
Although the AD534 features proprietary ESD protection circuitry, permanent damage may
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD
precautions are recommended to avoid performance degradation or loss of functionality.

ABSOLUTE MAXIMUM RATINGS

AD534], K,L  |ADS534S, T
Supply Voltage +18V 22V
Internal Power Dissipation 500 mW %
Output Short-Circuit to Ground Indefinite ¥
Input Voltages, X; X2 Y1Y22, Z +Vg &
Rated Operating Temperature Range 0°C to +70°C -55°C 10
+125°C
Storage Temperature Range -65°C to +150°C | *
Lead Temperature Range, 60s Soldering | +300°C *
*Same as AD534] Specs.
+Vg
470k02
— —__TO APPROPRIATE
Sk, INPUT TERMINAL
1k
_VS

Figure 1. Optional Trimming Configuration

ORDERING GUIDE
Model Temperature Range Package Description Package Option
AD534]D 0°C to +70°C Side Brazed DIP D-14
AD534KD 0°C to +70°C Side Brazed DIP D-14
AD534LD 0°C to +70°C Side Brazed DIP D-14
AD534JH 0°C to +70°C Header H-10A
ADS534JH/+ 0°C to +70°C Header H-10A
AD534KH 0°C to +70°C Header H-10A
AD534KH/+ 0°C o +70°C Header H-10A
AD534LH 0°C to +70°C Header H-10A
ADS534K Chip 0°C to +70°C Chip
AD5348SD -55°C to +125°C Side Brazed DIP D-14
AD534SD/883B -55°C to +125°C Side Brazed DIP D-14
AD534TD -55°C to +125°C Side Brazed DIP D-14
AD534TD/883B -55°C to +125°C Side Brazed DIP D-14
JM38510/13902BCA -55°C to +125°C Side Brazed DIP D-14
JM38510/13901BCA -55°C to +125°C Side Brazed DIP D-14
AD534SE -55°C to +125°C LCC E-20A
AD534SE/883B -55°C to +125°C LCC E-20A
AD534TE/883B -55°C to +125°C LCC E-20A
AD534SH -55°C to +125°C Header H-10A
AD534SH/883B -55°C to +125°C Header H-10A
AD534TH -55°C to +125°C Header H-10A
AD534TH/883B -55°C to +125°C Header H-10A
JM38510/13902BIA -55°C to +125°C Header H-10A
JM38510/13901BIA -55°C to +125°C Header H-10A
AD5348S Chip -55°C to +125°C Chip
AD534T Chip -55°C to +125°C Chip

s

WARNING!

e

ESD SENSITIVE DEVICE

REV. B
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FUNCTIONAL DESCRIPTION

Figure 2 is a functional block diagram of the AD534, Inputs are
converted to differential currents by three identical voltage-to-
current converters, each trimmed for zero offset. The product
of the X and Y currents is generated by a multiplier cell using
Gilbert’s translinear technique. An on-chip “Buried Zener”
provides a highly stable reference, which is laser trimmed to
provide an overall scale factor of 10 V. The difference between
XY/SF and Z is then applied to the high gain output amplifier.
This permits various closed loop configurations and dramati-
cally reduces nonlinearities due to the input amplifiers, a domi-
nant source of distortion in earlier designs. The effectiveness of
the new scheme can be judged from the fact that under typical
conditions as a multiplier the nonlinearity on the Y input, with
X at full scale (£10V), is £0.005% of FS; even at its worst
point, which occurs when X = £6.4 V, it is typically only
+0.05% of FS Nonlinearity for signals applied to the X input,
on the other hand, is determined almost entirely by the multi-
plier element and is parabolic in form. This error is a major
factor in determining the overall accuracy of the unit and hence
is closely related to the device grade.

AD534 STABLE | ————— —ova
sFO——— REFERENCE
ANDBIAS |— oy
[ TRANSFER FUNCTION
X ©
b Xy = Xg) (¥ - Y.
%0 TRANSLINEAR | Vo=A [(_# -z ]

MULTIPLIER .
Y, 0 E ELEMENT |
it

A out
z, 0 I HIGH GAIN
UTPUT
g 0.75 ATTEN I

Figure 2. Functional Block Diagram
The generalized transfer function for the AD534 is given by:

where A4 = open loop gain of output amplifier, typically
70 dB at dc
X, Y, Z = input voltages (full scale = +SF, peak =
+1.25 SF)
SF = scale factor, pretrimmed to 10.00 V but adjustable
by the user down to 3V,

In most cases the open loop gain can be regarded as infinite,
and SF will be 10 V. The operation performed by the AD534,
can then be described in terms of equation:

(X -X) (V1 -Y,)=10V (Z,-Z,)

REV. B

The user may adjust SF for values between 10.00V and 3 V by
connecting an external resistor in series with a potentiometer
between SF and —Vs. The approximate value of the total resis-
tance for a given value of SF is given by the relationship:

SF
10-SF

RSF =54K

Due to device tolerances, allowance should be made to vary Rgp;
by £25% using the potentiometer. Considerable reduction in
bias currents, noise and drift can be achieved by decreasing SF.
This has the overall effect of increasing signal gain without the
customary increase in noise. Note that the peak input signal is
always limited to 1.25 SF (i.e., +5 V for SF = 4 V) so the overall
transfer function will show a maximum gain of 1.25. The per-
formance with small input signals, however, is improved by
using a lower SF since the dynamic range of the inputs is now
fully utilized. Bandwidth is unaffected by the use of this option.

Supply voltages of +15 V are generally assumed. However,
satisfactory operation is possible down to +8 V (see Figure 16).
Since all inputs maintain a constant peak input capability of
£1.25 SF some feedback attenuation will be necessary to
achieve output voltage swings in excess of 12 V when using
higher supply voltages.

OPERATION AS A MULTIPLIER
Figure 3 shows the basic connection for multiplication. Note
that the circuit will meet all specifications without trimming,

XINPUT — %1 +Vg +15V
+10V FS
+12V PK
— %, OUTPUT, 12V PK
out j— Y,
- (X3 =Xp) (Y1 - Y2) +Z
SF Z; L
A0534z OPTIONAL SUMMING
2 [T ¥ INPUT,Z 210V PK
yinpur —— "1
+10V FS
+12VPK ___ | A -Vgb—— ~15v

Figure 3. Basic Multiplier Connection

In some cases the user may wish to reduce ac feedthrough to a
minimum (as in a suppressed carrier modulator) by applying an
external trim voltage (+30 mV range required) tothe X or Y
input (see Figure 1). Figure 19 shows the typical ac feedthrough
with this adjustment mode. Note that the Y input is a factor of
10 lower than the X input and should be used in applications
where null suppression is critical.

The high impedance Z, terminal of the AD534 may be used to
sum an additional signal into the output. In this mode the out-
put amplifier behaves as a voltage follower with a 1 MHz small
signal bandwidth and a 20 V/us slew rate. This terminal should
always be referenced to the ground point of the driven system,
particularly if this is remote. Likewise, the differential inputs
should be referenced to their respective ground potentials to
realize the full accuracy of the AD534.
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A much lower scaling voltage can be achieved without any re-
duction of input signal range using a feedback attenuator as
shown in Figure 4. In this example, the scale is such that Voyr
= XY, so that the circuit can exhibit a maximum gain of 10.
This connection results in a reduction of bandwidth to about
80 kHz without the peaking capacitor Cg = 200 pF. In addition,
the output offset voltage is increased by a factor of 10 making
external adjustments necessary in some applications. Adjust-
ment is made by connecting a 4.7 MQ resistor between Z; and
the slider of a pot connected across the supplies to provide
+300 mV of trim range at the output.

X INPUT Xy +Vg [— +15V
+10V FS
I2VPK _Ix, OUTPUT, =12V PK
out =Xy = Xa) (Y1 = Y3)
AD534 2 90k (SCALE = 1V)
SF Zy OPTIONAL
< PEAKING
71050 T CAPACITOR
L Cp = 200pF
YINPUT — | Y1
+£10V FS
12V PK Ys Vel 15y

Figure 4. Connections for Scale-Factor of Unity

Feedback attenuation also retains the capability for adding a
signal to the output. Signals may be applied to the high imped-
ance Z, terminal where they are amplified by +10 or to the
common ground connection where they are amplified by +1.
Input signals may also be applied to the lower end of the 10 kQ
resistor, giving a gain of 9. Other values of feedback ratio, up
to X100, can be used to combine multiplication with gain,

Occasionally it may be desirable to convert the output to a cur-
rent, into a load of unspecified impedance or dc level. For ex-
ample, the function of multiplication is sometimes followed by
integration; if the output is in the form of a current, a simple
capacitor will provide the integration function. Figure 5 shows
how this can be achieved. This method can also be applied in
squaring, dividing and square rooting modes by appropriate
choice of terminals, This technique is used in the voltage-
controlled low-pass filter and the differential-input voltage-to-
frequency converter shown in the Applications section.

113

X INPUT % +Vs
::2¥ ;f( CURRENT-SENSING
X2 RESISTOR, Rg, 2k} MIN
out
SF Zi [ =
AD534 |
T2 lour =1 =X a=Ya) _ 1
10V RS |
yiNpUT — | Y1 INTEGRATOR ;';:
+£10V FS CAPACITOR 7]
+12VPK __ | Y, Ve (SEE TEXT) T\Tf?

Figure 5. Conversion of Output to Current

OPERATION AS A SQUARER

Operation as a squarer is achieved in the same fashion as the
multiplier except that the X and Y inputs are used in parallel.
The differential inputs can be used to determine the output
polarity (positive for X; = Y, and X, = Y3, negative if either one
of the inputs is reversed). Accuracy in the squaring mode is
typically a factor of 2 better than in the multiplying mode, the
largest errors occurring with small values of output for input
below 1 V.

If the application depends on accurate operation for inputs that
are always less than +3 V, the use of a reduced value of SF is
recommended as described in the Functional Description sec-
tion (previous page). Alternatively, a feedback attenuator may
be used to raise the output level. This is put to use in the differ-
ence-of-squares application to compensate for the factor of 2
loss involved in generating the sum term (see Figure 8).

The difference-of-squares function is also used as the basis for a
novel rms-to-dc converter shown in Figure 15, The averaging
filter is a true integrator, and the loop seeks to zero its input.
For this to occur, (Vin)? — (Vour)? = 0 (for signals whose period
is well below the averaging time-constant). Hence Voyr is
forced to equal the rms value of Viy. The absolute accuracy of
this technique is very high; at medium frequencies, and for
signals near full scale, it is determined almost entirely by the
ratio of the resistors in the inverting amplifier. The multiplier
scaling voltage affects only open loop gain, The data shown is
typical of performance that can be achieved with an AD534K,
but even using an AD534], this technique can readily provide
better than 1% accuracy over a wide frequency range, even for
crest-factors in excess of 10.

-6- REV. B
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OPERATION AS A DIVIDER

The AD535, a pin-for-pin functional equivalent to the AD534,
has guaranteed performance in the divider and square-rooter
configurations and is recommended for such applications.

Figure 6 shows the connection required for division. Unlike
earlier products, the AD534 provides differential operation on
both numerator and denominator, allowing the ratio of two
floating variables to be generated. Further flexibility results from
access to a high impedance summing input to Y;. As with all
dividers based on the use of a multiplier in a feedback loop, the
bandwidth is proportional to the denominator magnitude, as
shown in Figure 23.

X INPUT +— X, +Vgf— +15V OUTPUT, +12V PK
(DENOMINATOR) -Z
Pt AL o
+12VPK — X, Xy =Xg)
out '
SF Zy|— z INPUT
AD534 (NUMERATOR)
Z, |— *10VFS, 12V PK
OPTIONAL
SUMMING

INPUT T Y1

£10V PK
'37 [— Yz -Vg[— -15V

Figure 6. Basic Divider Connection

Without additional trimming, the accuracy of the AD534K
and L is sufficient to maintain a 1% error overa 10Vto 1V
denominator range. This range may be extended to 100:1 by
simply reducing the X offset with an externally generated trim
voltage (range required is 3.5 mV max) applied to the unused
X input (see Figure 1). To trim, apply a ramp of +100 mV to
+V at 100 Hz to both X, and Z, (if X; is used for offset adjust-
ment, otherwise reverse the signal polarity) and adjust the trim
voltage to minimize the variation in the output.*

Since the output will be near +10 V, it should be ac-coupled for
this adjustment. The increase in noise level and reduction in
bandwidth preclude operation much beyond a ratio of 100 to 1.

As with the multiplier connection, overall gain can be intro-
duced by inserting a simple attenuator between the output and
Y, terminal. This option, and the differential-ratio capability of
the AD534 are utilized in the percentage-computer application
shown in Figure 12. This configuration generates an output
proportional to the percentage deviation of one variable (A) with
respect to a reference variable (B), with a scale of one volt per
percent.

*See the AD535 data sheet for more details.

REV. B

OPERATION AS A SQUARE ROOTER

The operation of the AD534 in the square root mode is shown
in Figure 7. The diode prevents a latching condition which
could occur if the input momentarily changes polarity. As
shown, the output is always positive; it may be changed to a
negative output by reversing the diode direction and interchang-
ing the X inputs. Since the signal input is differential, all combi-
nations of input and output polarities can be realized, but
operation is restricted to the one quadrant associated with each
combination of inputs.

OUTPUT, =12V PK
=0V (Z; - Z;) +X;

T
|
—1* +Vs — +15V | REVERSE Ry
THIS AND X (MUST BE
INPUTS FOR PROVIDED)
Xz NEGATIVE |
out OUTPUTS <7
OPTIONAL SF Z—- zinpuT
SUMMING AD534 10V FS
INPUT, Z, —+ 12VPK
X, 210V PK {7 2
Y1
L— v, Vg f— —15V

Figure 7. Square-Rooter Connection

In contrast to earlier devices, which were intolerant of capacitive
loads in the square root modes, the AD534 is stable with all
loads up to at least 1000 pF. For critical applications, a small
adjustment to the Z input offset (see Figure 1) will improve
accuracy for inputs below 1 V.,

S



AD534—Applications Section

The versatility of the AD534 allows the creative designer to
implement a variety of circuits such as wattmeters, frequency
doublers and automatic gain controls to name but a few.

A Xy +Vg — 415V
A-B
12
X
2 out
$ 30k0
4 SF z,
] AD534 2 10k
b3 Z,
g — ¥i v
A+B
2
Y2 —Vg [— -5V

A2_pg2
1o0v

OUTPUT =

Figure 8. Difference-of-Squares

—1%

CONTROL INPUT,
E¢, ZERO TO +5V

SET
GAIN
1k 2k}

-V s

SIGNAL INPUT,
Eg, 5V PK

—1Y:

NOTES:

1) GAINISX 10 PER-VOLT OF E¢, ZERO TO X 50

2) WIDEBAND (10Hz — 30kHz) OUTPUT NOISE IS 3mV RMS, TYP
CORRESPONDING TO A.F.S. S/N RATIO OF 70dB

3) NOISE REFERRED TO SIGNAL INPUT, WITH Eg, = =5V, IS 60pV RMS, TYP
4) BANDWITH IS DC TO 20kHz, -3dB, INDEPENDENT OF GAIN

+Vg [— +15V
Xa
out OUTPUT, £12V PK
AD534 | 33ke =]
P 0.1V
SF 1 ) _L
Sk 0.005.F
= T
Z
Yy
Vg |—-15V

Figure 9. Voltage-Controlled Amplifier

L

18k
10k 3

INPUT, E,

0TO +10V

X, +Vg[— 415V
Xa out OUTPUT = (10V) sin 8
AD534 ATk 3 .5
3 WHERE 0 = 2 L] Tov
SF Z, 4
a3k0 3
2, .
v, Zaka
A —vg[—-15v

v

USING CLOSE TOLERANCE RESISTORS AND AD534L, ACCURACY
OF FIT IS WITHIN £0.5% AT ALL POINTS. 0 IS IN RADIANS.

Figure 10. Sine-Function Generator

MODULATION
INPUT, £Ey

CARRIER
INPUT

Eg sin wt

% +Vg— +15V
X
& ourt
SF Z
AD534
Z
Y1
Ya —Vgf— -15V

-
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OUTPUT =12 M E_sin et
= Im cslnm

THE SF PIN OR A Z-ATTENUATOR CAN BE USED TO PROVIDE OVERALL
SIGNAL AMPLIFICATION, OPERATION FROM A SINGLE SUPPLY POSSIBLE;

BIAS Y, TO Vg/2.

Figure 11. Linear AM Modulator

9k E_ 6_‘ X4 +Vg|— +15V
A-B
Xz _— QUTPUT = (100V) ~——
1K 3 (1% PER VOLT)
SF %4
AD534
AINPUT
Z, > (x)
B INPUT Y
(#Vg ONLY) !
{7— Y2 —Vg|—-15v

OTHER SCALES, FROM 10% PER VOLT TO 0.1% PER VOLT
CAN BE OBTAINED BY ALTERING THE FEEDBACK RATIO.

Figure 12. Percentage Computer

&

INPUT, ¥ £10V FS

=

X4 +Vg|— +15V
X
2 out
OUTPUT, =5V/PK
AD534 -(30¥) 'y
SF Zy T+y
Y
WHEREy = ——
7 Y™ dow
Yy
Y2 —vg}— 15V

Figure 13. Bridge-Linearization Function
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+15V
|
ADJ BkH 22k0
sk | 7 0 3
v 15v i Al
X g i v 3-30p
X. B82kQ)
6 2 ourt ADd 2
7 OUTPUT
AD534 , 5Hz 3 *— 15V APPROX.
- o
! 5000 2.2k ADZT
e PINS 5, 6,8 TO +15V
2z = PINS 1, 4 TO ~15V
conTroL * Y1 e, 1
PUT B (‘3‘%1 L "wmca
100mvTOIOV _ |, Vg —t5v =€) = 1kHz PER VOLT
2 WITH VALUES SHOWN

CALIBRATION PROCEDURE:

WITH E¢ = 1.0V, ADJUST POT TO SET f = 1.000kHz. WITH E¢ = 8.0V ADJUST
TRIMMER CAPACITOR TO SET f = 8.000kHz. LINEARITY WILL TYPICALLY BE
WITHIN = 0.1% OF FS FOR ANY OTHER INPUT.

DUE TO DELAYS IN THE COMPARATOR, THIS TECHNIQUE IS NOT SUITABLE
FOR MAXIMUM FREQUENCIES ABOVE 10kHz. FOR FREQUENCIES ABOVE
10kHz THE AD537 VOLTAGE-TO-FREQUENCY CONVERTER IS RECOMMENDED.
A TRIANGLE-WAVE OF +5V PK APPEARS ACROSS THE 0.01pF CAPACITOR; IF
USED AS AN QUTPUT, A VOLTAGE-FOLLOWER SHOULD BE INTERPOSED.

Figure 14. Differential-Input Voltage-to-Frequency Converter

MATCHED TO 0.025%
20k0 10k 10k
AD741K
L] 5k0
10pF X4 +Vg | — +15V
INPUT NONPOLAR
5V RMS FS — Xz 10k g
£10V PEAK out v | M—
AD534 10pF SOLID Ta
Bl
iy 10k | |SF 4 = | output
3 = 0TO +5V
AC RMS i ) 10k p
Wor +
v, = M AD741J
$1oMa
—1 Y2 -Vg W—0 +15V
11;\1 ZERO
20k Apl
CALIBRATION PROCEDURE:

WITH 'MODE' SWITCH IN 'RMS + DC' POSITION, APPLY AN INPUT OF +1.00VDC.
ADJUST ZERO UNTIL OUTPUT READS SAME AS INPUT, CHECK FOR INPUTS
OF +10V; OUTPUT SHOULD BE WITHIN £0.05% (5mV).

ACCURACY IS MAINTAINED FROM 60Hz TO 100kHz, AND IS TYPICALLY HIGH
BY 0.5% AT 1MHz FOR V) = 4V RMS (SINE, SQUARE OR TRIANGULAR-WAVE).

PROVIDED THAT THE PEAK INPUT IS NOT EXCEEDED, CREST-FACTORS UP
TO AT LEAST TEN HAVE NO APPRECIABLE EFFECT ON ACCURACY .

INPUT IMPEDANCE IS ABOUT 10k{}; FOR HIGH (10MQ2) INPEDANCE, REMOVE
MODE SWITCH AND INPUT COUPLING COMPONENTS.

FOR GUARANTEED SPECIFICATIONS THE AD536A AND AD636 ARE OFFERED
AS A SINGLE PACKAGE RMS-TO-DC CONVERTER.

Figure 15. Wideband, High-Crest Factor, RMS-to-DC Converter

REV. B -9-
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AD334—Typical Performance Curves ypical at +25°c, with Vs = 15 V dc, unless otherwise noted)

OUTPUT, R = 2k}

/7 ALL

INPUTS, SF = 10V

W%

: /

]

v

PEAK POSITIVE OR NEGATIVE SIGNAL - Volts

8 10 12 14 16
POSITIVE OR NEGATIVE SUPPLY — Volts

18

20

Figure 16. Inpul/Output Signal Range vs. Supply Voltages
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Figure 17. Bias Currents vs. Temperature
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Figure 18. Common-Mode Rejection Ratio vs. Frequency
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AD334

10 +60
| T
=0.1V RMS, R = 2k
T, +40
q © N ¥ . “'\...\ Vx = 100mV dc
I.Il.l \\ €y = OpF o M Vz=10mV rms
% \ —
) 8
% -10 Fad I | \ 'l #20 Y-\
« CL= 1DODpF\ : L = 1000pF 2 \\ Vx =1V dc
5 Cr=0 Cr = 200pF E N N Vz=100mV rms
= o \ \\
3 20 0 S
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Figure 22. Frequency Response as a Multiplier Figure 23. Frequency Response vs. Divider Denominator
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AD534

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

H-10A Package

TO-100
—— REFERENCE PLANE
0.562 (14.30)
0.185 (4.70) :_E&T(Tu_a) 0.115 (2.92)
0.165 (4.19)

0.355 (9.02) e

0.305 (7.75)
0.370 (9.40)
0335 (n 51) o

;& 0.045 (1.14)
& 0.029 (0.74)

U | 0.021 (0.53)
0.044(1.12) || _ | 0.016(0.41) (DM B)
0.032 (0.81) 0.019 (0.48)
0.040(1.01) | 0.016 (047) (DIM. A)
0.010 {0.25) *
SEATING PLANE
D-14 Package
TO-116
l-— (1o sz;l—>l
= o

0. R |4 L]
02 [ F o
. 0265 0.029 £0.010
(8.73) (7.37 £0.25)
PIN1 il P *

0 700 £0.010 0.31 £0.01
0.035 £0.010 n' 78 +£0.25 = -+ (7.87 £0.25) [*+
0.89 £0.25 Il 4
0.085(2.16) ] 0,095 (2.41)
|t e Y [ 0.180 x0.030
0.125 (3.18) m£ 457 £0.76 RS—
¥ . 0ao ™ (0.2520.05)
"'”‘"m m [—(7.62)—>{
. 0.047 20,007
0017 T000e  (a54) = REF
+0.080
(M" -0.050
E-20A Package
LCC

uoo [s 08) (1 ,1)
REF
0.100 mms (o 18)
0.055 (1.40) | | ‘gfa’

0.045 (1.14)
: '..I j_nozn(nm

[ §—-0022(058)

ot =8
(ch)]' BOTTOM +Pn1

RIRIRIRIN j—umREans'

sruczg—!— TF (051 x45)
I 0,358 (9.09) I
0,342 (8.69)

o.oso 2] .52)

T
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Phase Locked Loop

The MC14046B phase locked loop contains two phase comparators, a
voltage—controlled oscillator (VCO), source follower, and zener diode. The
comparators have two common signal inputs, PCAj, and PCBijp. Input PCAjR
can be used directly coupled to large voltage signals, or indirectly coupled
(with a series capacitor) to small voltage signals. The self-bias circuit
adjusts small voltage signals in the linear region of the amplifier. Phase
comparator 1 (an exclusive OR gate) provides a digital error signal PC1qyt,
and maintains 90° phase shift at the center frequency between PCAj, and
PCBip signals (both at 50% duty cycle). Phase comparator 2 (with leading
edge sensing logic) provides digital error signals, PC2gyt and LD, and
maintains a 0° phase shift between PCAjn and PCBjp, signals (duty cycle is
immaterial). The linear VCO produces an output signal VCOgqt whose
frequency is determined by the voltage of input VCOjp and the capacitor and
resistors connected to pins C1p, C1g, R1, and R2. The source—follower
output SFgyt with an external resistor is used where the VCOjp, signal is
needed but no loading can be tolerated. The inhibit input Inh, when high,
disables the VCO and source follower to minimize standby power
consumption. The zener diode can be used to assist in power supply
regulation.

Applications include FM and FSK modulation and demodulation, fre-
quency synthesis and multiplication, frequency discrimination, tone decod-
ing, data synchronization and conditioning, voltage—to—frequency
conversion and motor speed control.

» Buffered Outputs Compatible with MHTL and Low—Power TTL

¢ Diode Protection on All Inputs

* Supply Voltage Range =3.0t0 18 V

* Pin-for-Pin Replacement for CD4046B

* Phase Comparator 1 is an Exclusive Or Gate and is Duty Cycle Limited

» Phase Comparator 2 switches on Rising Edges and is not Duty Cycle
Limited

BLOCK DIAGRAM

| e e R e e e T e )
. | [SELFBIAS PHASE l
At | LCRCUIT | [ —s-|_COMPARATOR1 [| = B
| = PHASE H—0 13 PC2yy
PCBin 3 o »| COMPARATOR2 H-o'
W [ VOITAGE o4 VCOuu
in I H—o 11 Ri
CONTROLLED 12 Ro
Vpp=PIN 16 | | oscCiLLATOR I od Fi
Vgg=PIN8 l (vCO) :{:27 Cig
INH 5o > SOURGE FOLLOWER [H—0 10 SFqyt
I

v |0 15 ZENER
L B p— 3

10/97

MC14046B

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

DW SUFFIX
soIC
CASE 751G

\

ORDERING INFORMATION

MC14XXXBCP Plastic
MC14XXXBCL Ceramic
MC14XXXBDW SOIC

TaA =—55°to 125°C for all packages.

PIN ASSIGNMENT
LD 1e 16 {1 Vpp

PCloyt [ 2 15 [] ZENER
PCB, [ 3 14 [] PCA;q
VGOt [} 4 13 [1 PC2qu4

INH ] 5 12 [1R2

Ciall 6 1 [IR1
cigl] 7 10 {1 SFout
Vsl 8 9 [1VCOy,

© Motorola, Inc. 1997
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MAXIMUM RATINGS* (Voltages Referenced to Vgg)

Rating Symbol Value Unit
DC Supply Voltage VDD -05to+18 Vde
Input Voltage, All Inputs Vin -0.5t0Vpp +0.5 | Vdc
DC Input Current, per Pin lin +10 mAdc
Power Dissipation, per Packaget Pp 500 mwW
Operating Temperature Range TA -55t0+ 125 °C
Storage Temperature Range Tstg —65to+ 150 °C

* Maximum Ratings are those values beyond which damage to the device may occur.
tTemperature Derating:

Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C

Ceramic “L" Packages: — 12 mW/°C From 100°C To 125°C

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Vpp —-55°C 25°C 125°C
Characteristic Symbol | Vde Min Max Min Typ Max Min Max Unit
Output Voltage “0" Level VoL 5.0 — 0.05 — 0 0.05 —_ 0.05 Vdc
Vin=Vppor0 10 — 0.05 — 0 0.05 —_ 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level VOH 5.0 4.95 — 4.95 5.0 e 4.95 — Vde
Vin=0o0rVpp 10 9.95 — 9.95 10 — 9.95 e
156 14.95 = 14.95 15 - 14.95 -
Input Voltage # “0" Level ViL Vde
(Vo =4.50r 0.5 Vde) 5.0 — 1.5 - 2.25 1.5 — 1.5
(Vo =9.0 or 1.0 Vde) 10 - 3.0 —_ 4.50 3.0 — 3.0
(Vo =13.50or 1.5 Vdc) 15 —_ 4.0 —_— 6.75 4.0 — 4.0
(Vo =0.5or 4.5 Vdc) “1" Level VIH 5.0 3.5 — 3.5 275 —_ 3.5 — Vde
(Vo =1.0 or 9.0 Vdc) 10 7.0 — 7.0 5.50 —_ 7.0 -
(Vo =1.50r 13.5 Vdc) 15 1 - 1 8.25 —_ 11 —
Output Drive Current IoH mAdc
(VoH = 2.5 Vdc) Source 5.0 -1.2 — -1.0 =17 — -07 —
(VoH = 4.6 Vdc) 5.0 -0.25 — -02 -0.36 — -0.14 —
(VoH = 9.5 Vdc) 10 -0.62 —_ =05 -09 = -0.35 —
(VoH = 13.5 Vdc) 15 =18 - -15 -3.5 — =11 -_
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 - 0.51 0.88 —_ 0.36 = mAdc
(VoL = 0.5 Vdc) 10 1.6 - 1.3 225 — 0.9 —_
(VoL = 1.5 Vdc) 15 4.2 —_ 3.4 8.8 — 2.4 —
Input Current lin 15 — +0.1 — | £0.00001 | +0.1 — 1.0 | pAde
Input Capacitance Cin — —_— —_ —_ 5.0 75 —_ — pF
Quiescent Current DD 5.0 - 5.0 — 0.005 5.0 —_ 150 pAde
(Per Package) Inh = PCAjn = Vpp, 10 — 10 — 0.010 10 - 300
Zener =VCOj =0V, PCBjp =Vpp 15 = 20 - 0.015 20 - 600
or0V, lgyt=0pA
Total Supply Currentt IT 5.0 IT=(1.46 pA/KkHz) f + Ipp mAdc
(Inh ="0", fg = 10 kHz, C|_ = 50 pF, 10 IT=(2.91 pAKHz) f + Ipp
R1=1.0MQ, R2= » RgF =, 15 IT=(4.37 pAKHz) f + Ipp
and 50% Duty Cycle)

#Noise immunity specified for worst—case input combination.
Noise Margin for both “1" and “0" level = 1.0 Vdc min @ Vpp = 5.0 Vde
2.0 Vde min @ Vpp =10 Vde
2.5 Vde min @ Vpp =15 Vde

1To Calculate Total Current in General:
VCOj,—1.65 Vpp -1 .35)3/4 i (VCOgn -1.65
Rl ' R2 PO T Rer

3/4
|T==2.2vaD( ) +1x1073 (CL+9) Vppf+

100% Duty Cycle of PCAjp

1x10-1 vpp2 ( )+ lg  where: ITinpA, CpinpF, VCOjn, Vpp in Vde, fin kHz, and

100 R1, R2, RgF in MQ, C|_on VCOqyt.

MC14046B MOTOROLA CMOS LOGIC DATA
2
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Vs Minimum Maximum
Characteristic Symbol Vdc Device Typical Device Units
Output Rise Time tTLH ns
tTLH = (3.0 ns/pF) C + 30 ns 5.0 — 180 350
tTLH = (1.5 ns/pF) CL + 15 ns 10 — 90 150
tTLH = (1.1 ns/pF) C|_ + 10 ns 15 — 65 110
Qutput Fall Time tTHL ns
tTHL = (1.5 ns/pF) C|_+ 25 ns 5.0 — 100 175
tTHL = (0.75 ns/pF) C + 12.5 ns 10 — 50 75
tTHL = (0.55 ns/pF) C|_+ 9.5 ns 15 —_ 37 55
PHASE COMPARATORS 1 and 2
Input Resistance — PCAjp Rin 5.0 1.0 2.0 — MQ
10 0.2 0.4 —_
15 0.1 0.2 —
— PCBjp Rin 15 150 1500 - MQ
Minimum Input Sensitivity Vin 5.0 — 200 300 mV p—p
AC Coupled — PCAj 10 o 400 600
C series = 1000 pF, f = 50 kHz 15 — 700 1050
DC Coupled — PCAj, PCBjp — 5to15 See Noise Immunity
VOLTAGE CONTROLLED OSCILLATOR (VCO)
Maximum Frequency fmax 5.0 0.5 0.7 — MHz
(VCOjn = Vpp, C1 = 50 pF 10 1.0 1.4 —
R1 =5.0k, and R2 = <) 15 1.4 1.9 —_
Temperature — Frequency Stability —_ 5.0 — 0.12 — %/°C
(R2=c) 10 — 0.04 —
15 — 0.015 —
Linearity (R2 = =) —_ %
(VCOjp=2.5V+03V,R1>10kQ) 5.0 - 1.0 —
(VCOjn =5.0V+25V,R1>400kQ) 10 —_ 1.0 —
(VCOjn =7.5V+5.0V, R1 21000 kQ) 15 —_ 1.0 —
Output Duty Cycle — 5to15 — 50 — %
Input Resistance — VCOjp Rin 16 150 1500 — MQ
SOURCE-FOLLOWER
Offset Voltage — 5.0 —_ 1.65 2.2 A
(VCOjn minus SFgyt, RSF > 500 kQ) 10 — 1.65 22
15 — 1.65 2.2
Linearity - %,
(VCOjn =2.5V £ 0.3V, RgF > 50 kQ) 5.0 — 0.1 _
(VCOjp =5.0V+2.5V, Rgp > 50 kQ) 10 — 0.6 —
(VCOjp =75V 5.0V, Rgg > 50 kQ) 15 — 0.8 —
ZENER DIODE
Zener Voltage (Iz = 50 pA) Vz — 6.7 7.0 7.3 v
Dynamic Resistance (lz = 1.0 mA) Rz — —_ 100 — Q
* The formula given is for the typical characteristics only.
MOTOROLA CMOS LOGIC DATA MC14046B
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PHASE COMPARATOR 1
Input Stage :
t
PCAj, PCBj |
PClout 0 1
PHASE COMPARATOR 2
Input Stage ! I
e S | w«a D @R, 9D
3-State
PC2qyt 0 Output Disconnected L
LD
(Lock Detect) 9 i °

Refer to Waveforms in Figure 3.

Figure 1. Phase Comparators State Diagrams

Characteristic

Using Phase Comparator 1

Using Phase Comparator 2

No signal on input PCAjp,.

VCO in PLL system adjusts to center
frequency (fg).

VCO in PLL system adjusts to minimum
frequency (fmin)-

Phase angle between PCAj, and PCBjp,.

90° at center frequency (to), approaching 0°
and 180° at ends of lock range (21 )

Always 0° in lock (positive rising edges).

Locks on harmonics of center frequency.

Yes

No

Signal input noise rejection,

High

Low

Lock frequency range (2f|).

The frequency range of the input signal on which the loop will stay locked if it was
initially in lock; 2f_ = full VCO frequency range = fmax — fmin-

Capture frequency range (2fc).

out of lock.

The frequency range of the input signal on which the loop will lock if it was initially

Depends on low—pass filter characteristics
(see Figure 3). fg =< fi_

fo=fL

Center frequency (fp).

The frequency of VCOgqt, when VCOj, = 1/2 Vpp

VCO output frequency (f).

Note: These equations are intended to be

a design guide. Since calculated component
values may be in error by as much as a
factor of 4, laboratory experimentation may
be required for fixed designs. Part to part
frequency variation with identical passive
components is typically less than + 20%.

1

T R
M0 Ra(Cq +32 pF)

1

NSO ———y.
Ri(C1+32pF) "

fmax

Where: 10K<Rys1M
10K=Ry=1M
100pF = Cq = .01 pF

(Vcoinput = Vgg)

(Vco input = Vpp)

Figure 2. Design Information

MC14046B
4
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9] SOURCE |10 SFout
FOLLOWER
VGO, -
PCAin _14 EXTERNAL =
@ FREQUENCY ¢ PHASE  |20R13] ' o ea § veo 4 VCOpy

™ @ FREQUENCY Nf' =

3 ../ COMPARATOR [ PC1,, g

112 6 7
PCBijp OR Cla Clg
PC2out R ‘%az% |—|(—J
I L cl

" EXTERNAL |
| = I__
1

| counten |

Typical Low-Pass Filters

Typically:
(a) A3 (a) R3 6N N
i o—/v\c/;,l—o OUTPUT _ Hbur QUTPUT REEE = o ol
T _1 A R4
= %c =% Jr3cs (Rg + 3,0009) Cp = 100Nl _ g, cp
max:
b

Af=fmax — fmin

NOTE: Sometimes R3 is split into two series resistors each R3 + 2. A capacitor Cg is then placed from the midpoint to ground. The value for
Cc should be such that the corner frequency of this network does not significantly affect wp. In Figure B, the ratio of R3 to R4 sets the
damping, R4 = (0.1)(R3) for optimum results.

LOW-PASS FILTER

Filter A Filter B
Definitions: N = Total division ratio in feedback loop
K¢ = Vpp/n for Phase Comparator 1 _ [K¢Kvco _ K¢pKvCO
K¢ = Vpp/4 n for Phase Comparator 2 O = NR3Co “n = NCo(R3 + Ra)
_2n Afco
KvCo =ygp =2 v N N
. i 2nf . ey § =05 wn (R3Cy + )
for a typical design wp = T (at phase detector input) dHRVCO K¢Kvco
€ = 0.707 _ 1 - R3C2S + 1
FIo) = Racas 71 | T = 5(AgC, + ARGy + 7
Waveforms
Phase Comparator 1 Phase Comparator 2
Voo Voo
PCAn | - PCAin | | | |
l I l Vss | 1 Vss
— VoH | J—E VoH
PCB; I | | ] PCB, ] | l
in VoL in | | VoL
; — VoH | VoH
PC | | I | l | | | Lo
out VoL Ll J| VoL
— VoH e ———— VoH
VEOin T PC2out____| ‘ Ii
— VoL Y,
— VoL
Note: for further information, see:
(1) F. Gardner, “Phase—Lock Techniques”, John Wiley and Son, New York, 1966.
(2) G.S. Moschytz, “Miniature RC Filters Using Phase—Locked Loop", BSTJ, May, 1965.
(8) Garth Nash, “Phase—Lock Loop Design Fundamentals”, AN-535, Motorola Inc.
(4) A.B. Przedpelski, “Phase—Locked Loop Design Articles”, AR254, reprinted by Motorola Inc.
Figure 3. General Phase—Locked Loop Connections and Waveforms
MOTOROLA CMOS LOGIC DATA MC14046B
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L SUFFIX
CERAMIC DIP PACKAGE
CASE 620-10
ISSUE V

o o O O T T 6T
C b= | — ]

SEATING

PLANE
E—>
F
D 16PL

S~ M

G S el

J 16 PL
[@[o250010@[1]B ®]

[@[o250010)@[T]A ®]

NOTES:

1. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982.

2. CONTROLLING DIMENSION: INCH.

3. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.

4. DIMENSION F MAY NARROW TO 0.76 (0.030)
WHERE THE LEAD ENTERS THE CERAMIC
BODY.

INCHES | MILLIMETERS
MIN_| MAX | WIN | MAX
0.750 | 0.785 | 19.05 | 19,03
0240 | 0295 | 610 | 7.49
— 0200 | — | s08
0015 | 0020 | 039 | 050

0.050 BSC !
0.055 | 0065 | 140 | 165
0.100 BSC !
0.008 | 0.015
0.125 | 0470 | 818 | 431

B N T
0°[ 15°] o0°] 15°
0.51 1.01

0.020 | 0.040

2
=

z:l-x;\:o-nmanm:bi

P SUFFIX
PLASTIC DIP PACKAGE
CASE 648-08
ISSUE R

i I I e e B o W O
16 9

[— g —>

' H_{ “1,
e \
- -K J e \# M

!

<— D 16 PL

[@] 025 00100@[1]A ®]

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,
2. CONTROLLING DIMENSION: INCH.
3. DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL.
4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
5. ROUNDED CORNERS OPTIONAL.

INCHES | MILIIMETERS
MIN_| MAX | MIN | MAX
0.740 | 0.770 | 1880 | 1955 |
0250 | 0270 | 635
0.145 | 0175 | 369 | 444
0015 | 0021 | 039 | 053
0040 | 070 | 102 [ 177

0.100 BSC 2.6485C
0050 BSC 127BSC
0008 | 0.015 | 021 | 028
0.110 [ 0130 | 280 [ 330
0295 [ 0305 | 750 | 774
0°] 10°] 0°[ 10°
0020 | 0040 | 051 | 101

tal:v-:u.::za-uunu>|5

‘MC14046B
6
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OUTLINE DIMENSIONS

I«— h x4s5°

—J

T

]

[blos®@[T][A ® O]

4y

SEATING
PLANE

\q

L

I m olle

DW SUFFIX
PLASTIC SOIC WIDE PACKAGE
CASE 751G-03
ISSUE B

0

NOTES:

DIMENSIONS ARE IN MILLIMETERS.
INTERPAET DIMENSIONS AND TOLERANCES
PER ASME Y14.5M, 1994,

DIMENSIONS D AND E DO NOT INLCUDE MOLD
PROTAUSION.

MAXIMUM MOLD PROTRUSION 0.15 PER SIDE.
DIMENSION B DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.13 TOTAL IN EXCESS
OF THE B DIMENSION AT MAXIMUM MATERIAL
CONDITION.

©w P

o

—

NG

MILLIMETERS
MIN_| MAX
235 | 265
010 | 025
035 | 049
023 | 032
10.15 | 10.45
740 | 760 |
1.27 BSC
10.05 | 1055
025 | 075
050 | 0.90
0°] 7e

2
=

ar—:r::-moo@:)l
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T : 932-2154,932-3114

F :932-3116

‘ LA 25-NP

Multi-range current transdﬁcer 5-6-8-12-25 A
Definition

The «LLA 25-NP» is a multi-range current transducer. Based on the principle of magnetic compensation, it provides electronic
measurement of DC, AC, pulsed currents and their combination with galvanic isolation.

Electrical data

Nominal current I ‘ ’ : 25 A.t rms

Measuring range :0tox36At -

Measuring resistance ' ~_: R, min. R,, max.
with + 15 V at +25 A.t max, "\ 100 ohm 320 ohm

at + 36 A.t max. : 100 ohm 190 ohm

Nominal analog output current :25mA

Turns ratio : 1-2-3-4-5/1000

Typical accuracy at +25°C ’ :20.5 % of I,

Supply voltage t+and-15V (x5 %)

Isolation . : between primary and secondary : 2.5 kV rms/50 Hz/1 min.

Accuracy - Dynamic performance

_ , Typical Max.
Zero offset current at +25°C* :+0.05mA +0.15mA
Residual current **
after an overload of 3 x L, : +0.05 mA +0.15mA
Thermal drift of offset current ;
(between 0°C to +25°C) - :+0.06 mA +0.25 mA
(between +25°C to +70°C) :+0.1 mA +0.35mA -
Linearity : better than + 0.2 %
Response time at 90 % of I max. : better than 1 ps
Bandwidth : - : DC to 150 kHz (-1dB) :
General data ¢
Operating temperature o 1 0°Cto+70°C
Storage temperature : -25°Cto 4+85°C
Current consumption : 10 mA + output current
Primary internal resistance : < 1.25- mohm/turn
Secondary internal resistance : 110 ohm (at +70°C)
Isolation resistance : > 1500 Mohm (at 500 V and +25°C) ]
Weight . ’ 122 g
Package : potted into an insulated self-extinguishing plastic case
Polarity markings : a positive output current is obtained on terminal M,

when the primary current flows from terminals
1,2, 3, 4 and.5 to terminals 10, 9, 8, 7 and 6.

Note:  This is a standard model; for different versions (e.g. supply voltages, turns ratios, unidirectional measurements, etc.),
please contact us.



* The device is supplied with + 15 V, measurement is then carried out after 15 minutes.
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** Result of the coercive field of the magnetic circuit
Number | Primary current Nominal Turn Primary Primary Recommended
of primary | nominal |maximum | output current | ratio resistance insertion " connections
turns L IA] L [A] I, [(mA] - [mOhm]} inductance [pH] ’
543 2 1IN
O0—0—0—0-0
1 25 36 25 1/1000 0.3 0.023 0-0-0-0-0
OuUT 67 8 910
5432 1IN
- o—0-0
2 12 18 24 2/1000 1.1 0.09 m
QUT 67 8 910
_ 5432 1N
3 8 12 24 3/1000 2:5 0.21 o \'c’t’
. ouT 87 8 910
5432 1 N
4 6 9 24 4/1000 4.4 0.37 Dhovk .
OUT 67 8 910
5432 1IN
o
] 5 Z 25 5/1000 - 6.3 0.58 :\;\0\0\3
OUT 67 8 910
General tolerance + 0.2 mm
Recommended PCB hole : & 1.2 mm
26 \
7.92 , 1046 i
4x254| - 10x [A0.7%0.6mm -
~ 7 | - . U
1 5 i LEM ® swiss
; = sssmwy Mmade
an ] m
o ™ 3x @1mm N o 'LMO%_OEP
el 4 4= 2 LA
< = 4+ M H - M + -
E; < L0
7.6 .6 0.15 / \ \
L8 Standard G0 year week
) 5.38 15.24 5.38 16.45 or N° SP.. Date code
m =3
ol o n
O A
|
| | | o
o~ .
; 6x2.54 Connection
* T RS i i
n 2
~r

PRC Technologies Corp.
T:932-2154,932-3114

F :932-3116

2 l-'f:l-"‘..

\

+

1-5

6-10

+ o
RM - IM |
oV o— F—)>—{M LA 25-NP
- o
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What is Harmonic Distortion? Webster defines Harmonic: An alternating-current voltage or
current or a component of such voltage or current, whose frequency is some integral of a
fundamental frequency.

Distort: to twist out of shape; change the usual or normal shape, form or appearance of/to modify
(a wave, sound, signal, etc...) so as to produce an unfaithful reproduction.

Therefore by definition Harmonic Distortion is the result of a fundamental frequency that has been
mis-shaped so that it no longer resembles the original frequency.

When used in context with drives it is the effect that occurs when a drive is connected to the AC
source, usually the local power utility.

The subject of Harmonics has been widely misunderstood. Harmonics are generated by non-
linear loads' (devices which convert AC to DC).

In AC drives the converter generates harmonics back to the AC line. The amount of harmonics
generated depends upon the amount of power that the converter draws from the AC line and the
ability of the AC line and wiring to absorb and dissipate the generated harmonics.

Harmonic Frequencies
Fundamental 60 Hz
57 300 Hz
i 420 Hz
117 660 Hz
137 780 Hz
7 1020 Hz
19" 1140 Hz
23 1380 Hz
25" 1500 Hz
Table 1
Fgrel Figure 2

vaLTAGE

FUNBIMONTAL AND STH HASENIC
COMINCD

PRI 29 0 DOK

Harmonics Basics

Harmonic currents and voltages are usually multiple sinusoidal waveforms that combine to distort
waveforms. Figure 1 is a pure 60 Hz sine wave and a pure 300 Hz sine wave, free of distortion,
differing only in frequency and amplitude. Notice that the 300 Hz sine waveform is five times the
frequency, but only one fifth the amplitude of the 60 Hz waveform. Figure 2 shows both the 60Hz
(fundamental) and the 300 Hz (5th harmonic) waveforms added algebraically. The resultant
waveform is still periodic and has the same frequency as the original 60 Hz wave form, it now
show deviation from the sine-wave shape of the fundamental frequency.

Table 1 gives the harmonic frequencies through the 25" harmonic

' A non-linear load is one in which the load current is not proportional to the instantaneous
voltage. Often the load current is not continuous. Non-linear load currents are non sinusoidal.
Form invtn 1 1



Harmonics are steady state distortion of the AC line, unlike transients, surges and under-voltage
sags which normally last less than a few cycles. Harmonics can cause stress in a distribution
system and can cause additional heating in motors, capacitors, transformers and wiring. This
additional heat can reduce the operational life of these devices. Harmonics can also affect other
drives and power supplies and cause spurious fuse blowing and tripping of circuit breakers

Harmonic Analysis

In order to perform a harmonic analysis and determine the level of harmonic distortion,
information on the electrical system is required. This information includes the size and type of
drive(s) being used, the size of any filters (line reactors, isolation transformers, DC link Chokes,
harmonic traps,

etc....) the size and impedance of the transformers and the size and length of wire between the
drive and PCC ( Point of Common Coupling).

The type of converter used (diode bridge or SCR) will also play a factor in the level of harmonics
back to the AC line. A simple one line diagram with this information can usually supply sufficient
information to perform a calculation.

IEEE 519-1992

IEEE Std. 519-1992 set the limits for Total Demand Distortion (TDD)

The object of these limits is to prevent excessive voltage distortion on the utility. To prevent a
single user or group of users from creating a power quality problem that would affect all users
connected to that portion of the utility distribution system.

The TDD limit is a method of allocating utility resources. The capacity of the utility is defined by
the Short-Circuit Current (Isc) at the Point of Common Coupling(PCC). The size of the user is
defined by the Maximum Demand Load Current (I,) drawn by the user's system. The ratio of
these quantities define the TDD limit (Is¢/l,), this is called the Short-Circuit Ratio (SCR).

IEEE 519-1992

Table 10.3
Current Distortion for General Distribution Systems
(120V Through 69,000V)

Maximum Harmonic Current Distortion
in percentage of I,

Individual Harmonic Order (Odd Harmonics)

Isc/lL <11 11<h<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
Where

Isc = maximum short-circuit current at PCC
= maximum demand load current (fundamental frequency component) at
PCC

The PCC is defined as that point where two or more users share the same voltage. This is usually
the primary of the user’s transformer.

Form invtn 1 . 2
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Harmonic Counter-Measures.
There are several methods available to reduce the amount of harmonics contributed by drives.

Three phase AC Input Reactor

add additional impedance between the drive and power source. Typical values of impedance are
3% and 5% impedance. A draw back to this method is if the incoming voltage is low to begin with,
the voltage to the drive will be reduced by approximately the percentage of the reactor. A benefit
not related to harmonics is that a line reactor will offer an added level of transient protection to the
diode bridge on the drive. This option is relatively inexpensive.

DC Bus Reactor

Along these lines, a reactor located in the DC bus section of the drive also provides additional
impedance. It does not offer the additional transient protection to the diode bridge that an input
reactor does. Economically this is usually less expensive than an input reactor. It may also be
included as standard feature of some drives.

Drive Isolation Transformers

These typically offer the greatest amount of impedance without the voltage loss of an input
reactor. They also provide transient protection. Be sure that the transformer manufacture
provides the proper K-factor rating for use with variable frequency drives

Multi-phase Inputs

The next method of harmonic counter- measure is multiple phase input diode bridges. They range
anywhere from 12 pulse to 24 pulse inputs®. They require custom transformer designs with
special phase shifted secondary windings.

They reduce the harmonic content byh eliminating or greatly reducing the content of the lower
order harmonics (12 pulse/ 5" and 7™ etc.. J)

Harmonic trap filters
Are currently the most effective means of reducing severe harmonic distortion. They typically are
separately mounted enclosures as large as the drive. Also the installed cost is greater.

Which method of counter-measure to use depends on the severity of harmonics being generated.

How do you determine the severity? The best method requires taking field measurements with
specialized test equipment designed to read and analyze harmonic distortion.

If certain information about the electrical distribution system can be supplied. There are a number
of harmonic estimation programs available to the public. Remember these are for estimation
purposes only.

An on-site analysis of the harmonics at a given point within an electrical distribution system will
define the amplitude of each current and voltage harmonic as well as the total harmonic distortion
at that given point.

Conclusion

Harmonics are a natural byproduct of variable frequency drives. However the amount of total demand
distortion can be low if the drive(s) load is a small percentage of the total transformer load. If the drive(s)
load is large in comparison to the transformer load then there are other means alternatives available to
combat the effects of harmonics

? Higher multiples are being experimented with.
Form invtn 1 .
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