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ABSTRACT

The rapid increase in Electric Vehicles (EVs) has led to a significant increase
in demand for high-performance fast-charging infrastructure. This highlights the
necessity for developing high-efficiency rectifiers capable of maintaining Power Quality
(PQ) compliance with international standards. The main objective of this study is to
design and develop Three-Phase, Two-Level, Unidirectional Rectifiers (3P-2L-URs) in
Wye, Delta, and Bridge topologies for application in 800 VDC EV fast-charging systems.
The proposed approachintegrates Space Vector Pulse Width Modulation (SVPWM) with
a decoupled controller based on. voltage-oriented control to enhance the input PQ
and assess the output performance. The command signals for the three-phase-leg
power switches of each rectifier topology are derived mathematically from a five-
segment switching sequence analysis, resulting in reduced switching losses. The
simulation results from MATLAB/Simulink- show that all three proposed rectifier
topologies meet the requirements of [EEE 519 and IEC 61000-3. They all have
sinusoidal input currents with Total Harmonic Distortion (THD) below 5% and Power
Factors (PF) above 99.90%. The Three-Phase, Two-Level, Wye-type, Unidirectional
Rectifier (3P-2L-Wye-UR) is the best of the topologies tested. It has lower voltage and



current ripples, which means it works better. Therefore, it can be considered a highly

efficient and reliable solution for use in high-power EV fast-charging applications.

Keyword : Three-g space vector, power
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nszuadia1gstu dauenanasviliAnaufeugdlumed o viioulas (Transformers)
AlFaunelugunsaivisasasudlniluga Seoradmariiliaduiissiuvosssuudadngliii
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wawdafiamafergdanumngauninmszdslinsdonanmussuunneitas 19
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LS UAINIIsERURSIT U Nala anviaduinlidanuwedeld (Reliability) ganin
NSI¥NITVNIUNTEAULIIA U1 I A E Basan ud1 e MIEUBENIN[27] WifEAIY
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Tinszuanss Fsaunsamsandsnudiguunaes audi 80 Wesidudveaniugly
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1) iun 1
mMsidousemuguuuululnun 1 (Mode 1) fanmuszney 2.1 fmunin
n135saeudliinlagdseduwnasdneliinnsswaadu 1 a usanu 250 Tiad wag 3

[

e wsarusEndnaany 480 Laad Nseaunszuagean 16 weud dudnsuninsgiu awise



[

s ay vy ° I a ay o 9w s I3 a
“lﬂﬁ"ULL'UG]L@@ﬁlﬂ@?ﬂﬂqaﬂa\‘iﬁ@luLﬂu 3 ﬂIa'W]G] 1‘?]L'Jﬁ'ﬂ“lJﬂW?U'ﬁWﬂuLﬂllﬂ']']ll@ﬂ]@ﬂLL'UG]LG]EJi

Y 9

¥
= 1

og5enins 6-8 alusTusgiuruinnuguestunnes Jwhlvnisusalulue 1 1Junns
Pfauuuih Nedundadglninszudaduiiseldiuasdedldfuniseanuuunasfadaniy
wmsgueulaenfeuieResiadeaieiu gunsaifalii uaraunsaitiostunszuaih
Tnglisndusedldgunsaimnsaluiile o iy ogslsfie nsmsasoudlniilulnued
fadiadlisrszamuiuenavhlmAnenufeutuiivnsuuarans il SsoranelmAnsunseld
Jwihmsuiasagudlnilulvue 1 ldlasumseugelildanlulsamalve museaziden

frmuelilu wen. 61851 wdy 1-2560

STANDARD SOCKET
OUTLET AND PLUG

EV COUPLER

AMUsENaU 2.1 ULUUMIWesdeLiev1sasneud niilulyae 1

STANDARD SOCKET
OUTLET AND PLUG

EV COUPLER

FUNCTION BOX

AmUsEnay 2.2 JUiuunisiweunaeysasaeudlilulue 2

2) Tnain 2
nsifausionusvuuululyan 2 (Mode 2) fanmdszney 2.2 dwun
swaziduanisideusetunnasdieliiiinssusadumioutunmsdoudsluluun 1 fe Wouse
dildvasuszuuliiiinszuaadu 1 wla uwaz 3 wa dudinfunassu wavdansynia

wunnes armematasanlaiiu 3 Aladed Tuszesiian 6-8 Talustiuegiuauinninugues

a = o 4 s v A 3 s v 1 1 @ 1
WUALRDS Fevinbinisunsalulvue 2 EJ\‘]O’E]L‘UUﬂ']TU’ﬁ?\]LLUU‘U’]@Q E]EJ’]\‘IbLiﬂGﬂSJﬂ’J’]SJLW]ﬂG]’N‘U’EN
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(%
(Y

mMs@ousemugUnuululvun 2 Weiisuduluun 1 9zegfinisinssgunsainiuguuay
Uasiuluay (In-cable control and protection device: IC-CPD) YUINGEGFA 32 woud e
muaunssBsenfuaelihdmsumsasasudlindedieliiinanudasa sy ly
ssnntunimadeudelulum 1 udfilieldiegedudoduiy
3) Inun 3
ﬂﬁﬁamammgmt,w‘luiwm 3 (Mode 3) AN MNYTENBU 2.3 ANUAIN
M3v1sasaeudbiiiugunsainsasaeudlnihlinnssuaadu Tnvaunsaivsasasudli

a.lr-:l'el a

1asesunasulianwrassngliinnsswaadundatefuleng 1 wa wsesu 250 1an

' [ '
[y a o

ua 3 wila ussdusyineane 480 had Ineuegfuiiufifndddom ausorfauunmedld
fhefdasening 3.70-22 Alatnd fiszdunszuagaan 250 woud halunismiaasudy
AYILUEILUAWEI DY 1-3 FrludiuagfuruInnLIaLURAES Fa3uniin1sida
wuuUn@ MednamsesnsudluisnugunsaineasshliAeauaen fovmeHnunniu

1 d{' 1 1@ o YU P27l 49{ v 1 [y
ninsiweuselulvug 1 uazlvun 2 winvinlndenldiegeduniegui

DEDICATED SOCKET
OUTLET AND PLUG

EV COUPLER EV COUPLER

¥y % ¥y W
)|

e e e o

CHARGING CABLE CHARGING CABLE

(n) nsdlgunsalysadunuuiivinsy (v) nsdlgunsalansaduwuuiiany

MnUsznau 2.3 sUkuuNsWeusiaay1sasaeus i lulyue 3

a4) e 4
nsenAemusUiuUlulnLe 4 (Mode 4) fsnnUsznou 2.4 fvdain
nsy1fasnsudlniinkaugunsainndasnsudlniinvianszuansaiszduussdu 600 Taad
dmfvgfamdsnudnguuameslagnsssnemdsiuinni 50 Alaind nszuagean 400
weut] vilaninsavdandanuidnguummesauis 80 wWesiudvesmnugnigluszeznanlsl
iy 30 uiituegfurinnuUBIUAMEY FeTzazianisvisainiaandi 3 Tuuni

nanunneunt Juilinisusalulnuaignisanin nsnsauuuesasa
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EV COUPLER

¥y W

h-—-d CHARGING CABLE

AMUsEneu 2.4 sUkuunsiteNsaiieysasaeudliiiluluug 4

2.2 npufsusisdsasnisulannsulussuulniiauma

N e 5181984 (Reference frame) a1u1satunldlunisiiasievinazaaniuy
sTUUmMUANMIIIs G BN sTudaMINaaossE A UTafianafenld dnsuusslowii
lpsusghanuladnfe MuUsveussiunaznzudlussuuaumaazanasanausiuusivie

WNE9E0 9 US T Y 399198 TUNISATUIUAADAFUT LA UAIINAZ AN LUNITAS 14

Y]

LUUTI9899 38U UNTUNNANAAIEASKAYNITATINAIAIUANLULATHA (Digital controller)

v v A

dmsuisgansekaaumadasseauriaianangd 3nnsAnwInuIagUungul sy
§r98aegsnodunatsguuuy o1ii sue1edsey fudiarama (Three-phase stationary
frame #38138N31 abc frame) LWiméjﬂﬂadaQﬁUﬁaaﬂLWa (Two-phase stationary frame %30
3unin af frame) wazwlsugnsdundoufiaeuna (Two-phase rotating frame w3850
dq frame) anlsudhsdeing 9 duamrsaudasivinssrineiily Tneflssaziseendseluil
[22],[25-26]

a

2.2.1 nsudaansugsdeegnuianulaiumsuensdegiundedina

Y

WnswUaasudedegiuiauma Jusuensdsegivnaesa (abe / o)
1% a0 w <
AnaniaauaEd LU

9

BUAUNITRAITUNINAUAITNII NS v ssEuulnAnanswal
Susaivau (Negative sequence) Al
x, =X, sin(wt)

. 2r
xb—XPsm(a)t+Tj 2.1)

. 2
x, =X, s1n(a)t—?ﬂ]

o x,,x,,x, A9 AN (Instantaneous value) VassaUsvalniAnasun

Tuwla 1o wad wazwad suaau
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X, Ao A1Ben (Peak value) vasmiuwdsvaluinnfiansan
® Ao AnusIn1svaudsle 9 veumsuiedegiunauma
= =t
t A9 anvalzuilsle o
W
Va Xe

X,

AMUTENRY 2.5 Anuduiusseninaunsuowsegiunanune (abe ) Wasinsudsdeegiun

U

gould(ap)

To A

Waannusuesdeegiunauia (abe) Usenaualsnnmesini1vesssuy

Irlfnanuwla wagisudnsdeedfiuniaea(ap) tualinyundountuay dauriuali

'
Ty a

nnmes lihveunsudsdedivitasaa (af) Madssuiisuediuninasiniveansy

9198 sagiunauma (abe) InginsAusznaunseuagauainauuknuiae (a —axis ; x, )
Mg lULUAALINUDIAUTENDUNTEUAARUADUNAUNINUATI (o —axis ; x,) HINMUTENDU
2.5 dmTunsAuINmeIUsEnaUNsTLaaa UaB R aULITUBgnUNaaa (af) e

Y

X, WAy x, @nnsamlaanaunisnsialuil

L

b T L
X
== | x (2.2)
LJ 3 BB ¥
0 M2 N2
2 2

o

ynednaudslagiussuulnirannwaildiveg ianiglulssimasiuily

Y

AneUszmeRzdinIuuAns i unvaus I ILazANLd widsifiaanumiiouiulunnuszmed
<

pvgfoaluszuuaumlanlons TunnIeANNINaTIINNNWESVRIRIRUTNIE NN Azl

o))}

[ &

! a < Y
AnvnuAudEte Weuduaunislafe

Y

X, +x,+x, =0 (2.3)
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Wedmnuduiusvesssuuanualananiuaunis (2.3) asluunuluaunis

(2.2) agla

(2.4)

2 \/gxb \/_3_xc 1

Xy=o| ———m— |= —(x, +2x,)
31 2 2 3

aun1s (2.4) wandliiunadnsvesesdUsenaunselaaduasaauulsy

9198908 1UN (x, Wag x,) Felasuannisulatesdusenaunseuaaduaumaunsusa8s

Y

g U (x,, x, 482 x,) Ineaziiulaindismstiasldifiesesdusenaunseuaaduanuauunnu
wlale (x, ) waginunad (x,) windu dsdumniisnsuiaunsudedsed iunaisna (abe)
Tumsudndegiuiigenna (af) ldtussuulnihauwaiedatoyanialniluusas
Y 1w =3 [ = 1 @ ! L% £
wandiusganananaunsaintoyamslnihiissuaaeamaniigans duwalviaudeans
Tdgunsalng19du (Sensor) anaald
Tuduvesnisudauvlsuensdiegiviaeana (of) naulieglumsudnsdeey

fudianana (abe) Aaanunsavilasenislgaunisasioluil

X, =X,
__ LB
xb Exa T.Xﬂ (25)
L. 3
X, ===X, =X,
2 2

Xb

(A Xa

X;

ANUTENBU 2.6 ANUENRUSIENIWTUE9BIg AUTTaLg (abe) wazinsus e aindoud

Y

RN I
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nMsvesdUsEnaunsruaadurennlsudedund eut assinla (dg) s
9IAUTENBUNTEUAATUULLNUA (x, ) LAZBIAUTENDUNTEUAATUUUKNUAT (x,) @ansanmlel
MndNEiiRIRInINnNReIveIiaNY SHIENE x,, x, WaE x TUTINQUULNLNNADS
p9fUsENOUNITUAASUTIULUNLFNEEAY ManmUseneu 2.6 Ssanansosmuiamlalaeld

¥
aa v A

Hendumslnaudineadl

i

e 4, A AUNTINTBILUTENTI1NBIAUTENOUNTERAFT ULUULNUR (x,) U

cos(8,) cos(@s—z—”j cos(@s—ﬂj X,
3 3
2 4 |7
sin(0) ~sin 0,2 | ~sinf6,- 2% || [

(2.6)

W | o

29AUTTNOUNTELARTUUULAWLS (X, )

xq A xﬁ

~

Xq

0()‘ Eu

AMUTENOY 2.7 AnuduiussyninansudsBegivnaesa (of) uagisudnsdunioun
doale (dg)

NAUNTT (2.6) AUIINITLA LT 999AUTENDUNSZLAFS VAR N AUULITY

a

§19Bandeudl (x, uaz x,) 91N MIuUaledfUsenaun sEaad UL aUUIsLS 9B eeg iy
anla(x, , %, waw x, ) awfesldiuusiwuivamiaud sgedsld Dulumuinguszasdvdnd
foamsnnmisudanlsaensds duiBonisansaudsldmdetosas fedumslduselovian
nMsuvassudsdeey duitansaluidumsudradeed fudiaosina (abe/af) Fadinany
haulaifuegied adesinsudnsdsagfuiianla (of) duannsafiasudadliliogly
wsursBanaeuiasala (dg)d iilsusisussdaogfuiiaeana (aB) azunns1aain
wlsudedand e aesina (dg) nsafazinisvauiadeuiiluadesoainus winfuan
aruiaudanule q Ald wavesAUsznounsELAAR U sasUNY (x, Ua x,) Agieniniuag
ARRALIAT AININUsENOU 2.7 e?famsLLUaaLWsma”waﬁaasJﬁ’UﬁaaﬂL‘V\Ia(aﬂ) Wumlsusneds

\nAeUNaRLIE (dg) ansnsavilalaenisldaunisasaluil
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X, cosf sind || x,
= . : (2.7)

X, —sinf, cosf, | | X,
auns (2.7) wandbiiiuinisnstagldiissesAussnounse uaaduaasWaves
wsugedeegiunasala (ef) Balnnmslvesdusenaunseuaaduanunauuununate
(x,) wazunuiad (o)L dududsaaiu fslumninisnsilsudsdaedivnaeaa (ap) 1u
Duisuddaeaouniaead (dg) ildivszuulwihauandiasldgunsainsiaduiis e

GRS GNP

ludiuvesnisudannsugrdundouniasaa (dg) naulveglusuveunsy

¥
a ] =l

9138sngiuiianama (ap) Adsaunsailaneanisldaunisisselud

Y
X cos@, —sind, | | x,
a | _ ) 5 s || 7d (28)
Xy sin@, cosd, | |x,
2.3 FN13UAALEALTITUBINABTHINTUADULIDSLND TEDITEAY
FBsweguandeasanines (Space Vector Modulation: SYM) Wumeiian1sasng
o o o a 4 . . Aa Yo | | <)
auduiaIng (Gate-drive signals) ileuldiuegauniviang annaimsizidunisuen
a . =2 PN o Y aa o ' a
AKUULAT93Y (Real time) FumuneaztlUldluimamuauuuuadva lnsanizagegng
A5 d Y IUAIVANNITYINIUYDIMIS BanTERAa N adRIsEAUTATIANIURET (Three-
T . - v as a o0 v ® Aa
phase two-level unidirectional rectifiers) Aagisn1snagLanssaIUsALNIN AL TUN LYY

wntutagd 1WeennTsnistiauisamuanusaiuenelvioglusgaundenisla siudads

sl miasiduBune TS ulA22],[25],131,133]

AMNUTLNBU 2.8 WHUANALUDINMDSAINSUABUNDILNDITADITEAU
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aonugn15aing (Switching states) vasalndrindsluiamaie wal wazadvesneu
NB3INBIARITEAU LANIAINNITUIAILALIVDIINLABS LTIAUB 1984 (Reference voltage
vector: V) fivyuiad oudioglunsun masninesdvsuaeuiesinesaosseiuly
AmUsEnau 2.8 Imzn?iLqumwaLUm’mLmai‘ﬁfu%gﬂLLﬂqaam‘ﬁWﬂd’mLm 9 AU FEAINL
ni1sdauay 60 aarn edoluilazisendn wnmed (Sectors) Inaflnnmoifiauseiunse
Buninmesuendinl (Active vectors) d1uu 6 LInwes (V18 ) Alaniuznisaing
uansnafuly shwhidudundasnines auiliiAssnnesdiwiu 6 wnmeinseungy
nileTndng (Cycle) vosrdulnliinnssuaady uananildadinnmasaus (Zero vectors) 8n
$1uru 2 s (Vouaz ¥;) dedianuznisaindidu 000 uag 111 awdifu ogusim

NNV ILNUNNAUSINLADIAINGT

AMNUTENBU 2.9 NTELATIETINMBILIINUS19D Vo Melumniees 1

YUIATAINADS UTITUEBT FEnsanbiannsduasizinnmesiiisivedly
U‘%Lam%mtﬁzjﬂma%ﬁnﬂLmai‘LLiﬁué’Nﬁaﬁumﬂag (9 ‘mﬂLaﬂmaﬂmﬁué’w@qmﬂaghﬁuﬁ
Younees 1 nnwmesTiivitesazdsznausennass Vo, Vi, Vauas Vs sasnmussnau 2.9
LAzl 099INTUINTBIINLADS UIITUS1IB WA NIINNITEIASILTNNBST LA BT 09 Taed
efUsENEUTRLINMDSUARE NN Tz UaEfUra3nAN13a3ng (Switching time) w84

VINLAIDIMEY NTRNEAINERFRNITAIELLATMITUIATB IR IS NGB sUTEn Ul

Y cal a v ' a s G = o &
AIYLINLFADINLNYIVDILAEBINIANNATAINYVDIINGDI V oy Vi, Vo Lhag V7 U

7 1 | ) (L

(2.9)
T, =t +t, +1
o  t,t, A9 TRNAINITEAINTVONINEDT V) hag Vrauaifu
T, A9 IIAINIEINTTINTENININRDS Vo uag ¥ Bslunsimla

N T, =1, +1,
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T,  f® munadu (Sampling period)

TngUnAudussduunasiglialussvuaaszidunvvanumaldga du
MBI v, v, + v, = 0VGHLIE WEAeNISAILIM kazaYAINFENTTASIUUSa8q
selusunsuMsAdaMAnS5MAan15a3955UUAIURANLUUASYA A AT NS
usasiugedslunmuseneu 2.9 asnsamlfanaunssuiuuialivesaunsalannnoii
oefluimlsugnsdeegiuiiaesia (o) il

j2nl3

+v e’““] (2.10)

cs

_ ) ) 0
V"Ef = vas + .]vﬁs = E[vasej + Vbse

T9n1589LAT12ANNEBS AN EITDY WAZTIINAINTEINTVDINAMET UNLADS 1 A2le

3 T, , | 2722

I‘/.ref :ZVdC tl+t2+]’6/2+t2+7;)/2(—1+ .£J+i(—l_ \/EJ:| (211)

LHD9ININLH DS LIIAUDIDINAINEILRILNAIRININNLINLADSVDIA U TNIE UL

X,, X, 8% x, MIINYUULNUINADTOIAYTZNBUN ST LR UAD I WAYD N U 19D 0 T UTIaDs

U
et (B ) VIUBUAUATI WazAUIUANTIN (B — axis) Fegnsatenadalsznoulanil

2 V.t
Re:V, (cosf) = 2l | [ Vals
~ 3T, 37,

v ’ (2.12)
Im:V, (sin @) = —==
S
WAGLNT (2.12) LNBMIEANN13AINITENAT 4 ez 1, ala
BV,
et £costG’—%sin@
de
(2.13)
NEY N/
t;=——-"L(sin@)

dc

s 6

dmsuauni1sisainisaiadvesanaesaud (7, ) nilalaeafuanudunus ves

Y

FIAINTEIntrasINeas ¥iuay 1, Aldainaunis (2.13) wazarunandy (T; ) auauns

(%
Yo A

(2.9) Fadeulvallasai
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T,=T -t —t,
NEY 8 (2.14)
=T —— 2 \/_cos0+ls1n6’
v 2 2

NIBNIMENAITTIRAINTEIRTIeIIAMeTAN 9 Tuwnimes 1 awnsathluusu

T o1aun1sgaIN1alIndueannae e 9 lulennesdu q Andela Weilnanis

(]
s a

AUATIZANNRTNLA L1799 IUUTNUVDAINLADTDU 9 LINOMIANNITVNNAINITEINT VD

LNMaTHNY 9 leasuuazuanslilunise 2.1

AN 2.1 AUANSTNNAINTEINTUEINRNSAN 9 Tuwniees 1 Duwnmes 6

. AUNITYINIAINTTAINTUBUINLADTANN
LYNLAdY 3 a o a v 3 ¢
LINLADIUBNNNNLNEIVDY LINADIAUY
TV
= \/_V . [\/2— ose—ésmej A \/_
e 3V
1 J_d T;):Z; 7 ref[ 2 SH—ZSIHQJ
TI/“; de
ty=—""(sin0)
z’z
TV, 1
t2=\/_V - [\/— os¢9+2sm¢9] 5
e 3TV,
2 J_TdV I T, =T, +Vasref(—sir10)
b= —— coff® ~sin0 “
v, 2 2
t, =»\/§TSV’4 (sin®)
V. ITKZ/ \/_
3 I,=T + H—fsmﬁ
\/gTSI/re/ \/g . I/d“' 2 2
ty=——| ———cosf ——sind
v, 2 2
By, (3 1
t4=% _§COS9+ESing \/_TV A
a4 \/_dc I, = T4 = 'Bf(z os¢9+;sm€J
3LV, e
t :%(—sinﬁ) !
dc
3TV, 1
t =@ —ﬁcosﬁ-—sinQ
Vie 2 2 BTV,
5 Iy =T, +—"L(sin0)
\/§TsVn»f \/g e Vie
tg=———-| —cosf ——siné
I/dc 2 2
12 :—\/gTSVny (—sin@)
N 4 Bry, (B 1
6 5 “ T,=T +I/S”’[—2cosﬁ+zsinﬁj
3TV, e
=L \/— 0s9+lsm0 :
. (2 2
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NAITAUIDINAITN 2.1 WNUITNNAINTEINTVOIINNDTAN o Tuldazmnimnsaz
fiAnunnusetesd uey fudndiuseninausnue 19898 wduussiulnihnssuaaduuay
USinausssiuliinssuanss (7, ) vespeunesiwes lnsanusadiund@euduaunisiuiingg

nsNegan (Modulation index: mj) linadl

V.
m =32 (2.15)

lngfANE1IVBIINADTUTINUBNNBIAD ALTIAUE (Phase-voltages) geani
23AUsTNEUANAVANYa (Fundamental frequency: f,) luszuulninszuaadu Wewdu

aunislane

AN
v .=V

ref phase,l

= \/EVphase,l (2 1 6)

WNUENNIS (2.16) asluaunis (2.15) W eN1ANUFUNUSTL U 19usIn U b

£%
v a

nszuagauazussuliinnssuansvosmaunesinslanad

phase,l (217)

PNEUNT (2.17) Mnaeuesiasinsunseanuuulviseliuiuszuudednglaih
nzwaaduIsliszivusaiuadl UszneuiumdiinisnmsueguaniiJuldldvesveditnisueg
walsannesniaegsendng 0 fe 1 (0<m, <1) 3znud1 ussdulriinszuansives

AouIesmesaBIR UL UadlamuAIsvtin sNIsnIan

2.4 FMIAUANABITNISAINUSULTIAU
WNIFIAUTULIIIY TTONNELEENIINTIAUANLTINULULNMES (Vector control)
AenIMUsznay 2. 1010 u3snsruauLsTInukayAMnINi A liihd s ueuesines T

Weusaiuszuvdglwihnssuaaduitlasuauieniluussendldauegrann a1

fianula (abe ) Auinsudnsdamdeuiiassna (dg) A fwdsvesssuulninanunaianas
WiRaLeeaRIfiIky sty daNalin15eenkuuLaEN13AIUANNITINIUYRIABULIBTIADS

aunsavladaeuazasaInTu[25],[33]
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281915811 MNYiINNsANYIsIwaLBEAlURITeN 2.1.2 aznuiinishuastiun

JEnuNTNBIRd fuNauma (abe) fukilsueadanfounansng (dg ) efpaAuinmiyy

Y

F¥MINDIAUIZNOUNTELAFA UUULOUA (x,) AUDIAUTENOUATZLAAS UUULAUATS (x, ) Flu

[

déj = U U Y 1 1% [
ATEUUNRNTYAN HN‘UENLLﬁQ@UlWﬁ'Tﬂi%LLﬁﬁaU TiRage 0. TRgaN1N5an1lAIINNNTIARIIAUTD

LY

szuulnihnseuaaduiauasaawdvhmsuUatnsilieglugumsusadeegiviiaasna

(ap) nuuidldaumsasioluiimnumunveussiuliihnssuaadusely

i L i e
~ Vas A Iog a Vai - l&»
Vis ips Ly .
- —> fa'a g g il
n QY 9\ ~  Convertor | Vi :l— Ry
Vey Les Lr V. T_
a9 > Y Y

BRI

PW

> 0,

Detector

M
Yy Yyvyy Tvai*TVhs*TVa'*
abe

abc

dg

*"q: Vas |gs |tas

AMUsENDU 2.10 F5n1smuAumeIinMsTnusuusdudmiuaeuleinesiiteausass uuds

el nsrwaadu

Vv
0 =tan' £ (2.18)

Tnefiosalsznauls Ul TR UULINLATY (v,) LazesAUsEnouLTIn Ul

1
=

NILUAAFUUUMNUIUAN N (v) TUTINGIUANNIS (2.18) @nsnsamnbamenisitaunis (2.4) &

[
A Y]

Usglomiiiuldodrenauddeismstladiiudestaussduiad drdugunsaingiaiy
w39y (Voltage sensor) Seldiite surdeasiawinn
n3mUANAIETTMITAUS ULTIT ud v URBULET IMe T 1T ouse fuszu UL
nIzuaady fanmuszneu 2.10 avendnisiiatusifularnsyuaniuidousefusyuy
Iulihnszuaaduresneunesinesdsoglulsuegiuiianuma (abe) lUdumsuddandeud

doauld (dg ) WnenfuUsvessaiuuaznszuarisaonalunsudadundaunasuna (dg)
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A113010AUINBIAUTZNBUAIA9939 (Real power: Ps) LazadAUsznaumasaunnImn

[
v

(Reactive power: Q)uasszuulninseiaaduanunalansil

Ps = 2 (Vdsids + Vqsl.qs)
2 (2.19)

3 81 .
Qs = 5 (vqslds - vdslqs)

INEUNTT (2.19) wanabiiudinismuausieisnisiausuussiuilosdusznouves
MAzueNdaseaniu AnudsaunsanagaIvauiaIaTwasMasdunnmuseneudeun

Pagundaumeafussuulninsswaadulaagsdass Nt Uiy

(stationary)

’vvr .
b-axis

AmUsENeY 2.11 mnuduiusvesnnmesusiiuiiinteunegluaasvaszuuliii

NIPUAFAUNUDIAUTENBUTD LI IPUUUNTUO DI AT UTABINE (dg )

TagunAudisn1smuauseismsdnusuussfudmiuasunasinesiidouse fu
igu*ul%lﬂmszLLaaé’U%fﬁ”mum‘LﬁL’mL@@%LmﬁuﬁLﬂﬁauﬁa@jiu&ﬂ%@ﬁzuulﬂﬂqmzLLaaé’U
(I7x)mqﬁuﬁumﬁﬂszﬂawammﬁ’uummuﬁ(ﬁ)ﬁmamﬂumwﬂimau 211 Tneflvun
usIAUTEeTE UUN TS LA UAEEA A UTUINBIAUTE NOUTBIUTIF UULINUR (v, =V, )

fatiuaz ke
’ 2 2
vqs = VS —vds = 0 (220)

WAUANNTT (2.20) asluaunis (2.19) azla
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3
Ps = Evdsids
(2.21)
Qs = _5 dsiqs

Y @ ' o w a
1NaUNIT (2.21) Langliiiininnid 19399095 UuaINIsanuANLALAEN1TAIUAY
¢ a L, Y a a A 2% o O & v
DIAUTENOUTDINTERAVUUNUA (i, ) VLINTHEBATOUN TerdspuaNnTELatiazasnean
AIAIUANLUUFRAIUSINAULUUYIUINISTINNUIE (Proportional-integral controller) vas
gunsmuauksItuliinssuanse Mitinisvinauvesaeunesineslun1iyeydl (Steady
state) wsssulniinszuansavespauneiinesaglasumsmuauldssauasimAuussiu
81984 (Reference voltage: v, ) 98AaBALIAN FAUUMNTNTUINTUNIUVBIABUNDIINGS
elddeulumaBunalidindumaseing awnuinmansavesssuvausanIuaulane
(3 a . 2 (3 . a Id YN

IINBIAUTLNOUVBINTLUAVULNUA (i, ) wazUSHunseuaoding (i, ) Wewduaunislane
3 . . 299

Px = Evdslds 3 vdcldc ( . )

& v Y @ ! s a
WBNINH @117 (2.21) SuansliliindNIIAIVALDIAUTENAUVDIN TEULAUUMNUAT
. v 1 I 3 1 Yo v a g [y 3 cal
(i,,) Wisldntugud azdsaliidsdupammedussuulilihnssuaaduvesnounesinosd
Andugudlse Feagviliszuuiieadalszneumduinduniddutes dwsunisaiua
93AUTENOUVDINTTUAVUUNUA (i,,) WALDIAUTEADUVBINTUUAUULIUAD (i, ) Yo ul53D198s

AARUNANNITDANNUALAPEENNISAIRD LUT

*

,* P

foi—= (2.23)
1.5v,,

iy = oL (2.24)
=1.5v,

1 <@ a [ ! s s
98 1915ANIN MINNITUININGAYULNITA 8ITTINH 190 9A0ULIDT LADT LU
ANUTZNOU 2.10 WUINANBUALBINLATUINNNISUTEULTBUBIAUTENDUTDINTTULAUULNURA
(i,,) WAL DIAUTTNDUTBINTLUAUULNUAN (i, ) veansududaRouiiiamuaumiaieas

1Y

MasdunNINYeszUUeallfAmmALs avelloswnanduniend (L, ) ireegauduns
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YDIABULIDTLADS AINAYNIALAAAINULANAI9YDINTS LALAEWIIAUTEWINLUAI1 8 LT

NITAARUANIIE (v, , vy, v, ) TULSITUNBUNEARUNBSROS (v, vy, v, ) Aeaun15ealull

d;‘: :( as _vai )/Ls
d.
CZS = (v —v)/L, (2.25)
di
cs v .\/L
dt ( cs vcz )/ s

aaa 1%

lea9InanIs (2.25) aguumsnensdeey fuflanuina (abe) v fiismsauause
FBn1sdnusuissfuazedonsulacussfunas nszualveg uuisugnsdaniouiiaosia
(dq) \itorunnmesdvUsz neufdsasuagesdusznauidsdunamuesszuuliin dae
wRHadenanTvaInIouUasannis (2.25) Wleguumsuddantouniassina (dg) Lide

aun1seana Ul

- = (Vds Vi TtOLi, )/LS
(2.26)

qs __ .
= (vqs -V, + oL, )/LS

auns (2.26) wansiiiudnnsasuslaswessdussnounsesauuunud (i, ) Ju
NAINAINAINTEUARAT LI IT UV IULEALR (d—axis) wagunu@a (g—axis)wagluiues
ey msUABuuatTe asAUsTnauAsTRaULLALAY (i) fifuramnanniisnssuauas
ussfusULuNuAlazunuANTutY Sso1adenldiiduszuuniuquiiinissasiueg (Cross-
coupled) demariiAna LNt uN5RNLULAIAIUANLASYIN I LASUNAN SHO UALOLT
wa¥m (Dynamic response) lalfwiiiens selinisuidounnsessnanauisavilalnenisld
fheuesutans i UIuIBsmuRnfe BN s inusuiseiy eatsesddsznou
voussiuuUlLALa L uAieuligneunsiines (v, v,) sazderaiiiAnssuuaiugu
93AUTENBUNTLUAUUUAUR (d—axis ) Lagunufa (g—axis) Nuondaszraiul22] danans

ANWUEVBITTUUMIUANAININYUIENBU 2.12
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Decoupled Controller

PI Current Controller

: K>

PI Voltage Controller PI Current Controiler

AMWUTENBY 2.12 NSEUIUNTVBIMAIUANLUULENTINEMSUITNITAIVANAIBITNTIAUSY

LI9AL

nanUszneu 2.12 uansliiudnszuiunisyinaunglugefinuauiuuLen
Srudesznausenslifmuauuuudadiusufuluuysannssmmie wiefidouGen
0g1988 9 AudmmuRuuuUile (Pl controller) $1uu 3 ddhoru lasfishauauuuuiile
fafl 1 Feusngegsuineveanm ivthindushmuausesuussiulilihnssuanssvesnou
nesiwed MenisthAnuueniissenitsussiuliinssuanssi ialsanaounesines
(v, ) FuAUIIAUE198 (v, )anaindudyguesdlsenouvesnizuasadeuuunud (i, )

= <, vy
GZNLGUEJULUuaiJﬂ']{Lﬂﬂa

i = K, (V;C —Vdc)+KilI(v;c —vdc)dt (2.27)

1199971009AUTEN0VYRINTELAD19DIUURNUA (i), ) TiARTUIINANNTST (2.27)

Wisuiaiouiduesrusenauiielilunisamupusauusaiuluihnssuansivesnouiosines

a o s

Tiflendulunuiidavun dedunisusugusesaengdediu () wogdniveguinus
(K, ) Fefunalaunsaunanntuineiniua@ines (€, ) Anudandal (o) wienvisinuali

1

NIyl (Damping factor: £ ) fiAwiAv 0.707[22],[25] Wemduaunislein

Kp1 >C, b

5 CGuco
il 2

(2.28)
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FyyrnuesAUsENEUYDINTEUAD 9B IUULNUR (i) 91nENNIT (2.27) 9zgnilly
WisuiiguivesrUsenauradnseuauuknuan fawas Auinlaasaanseuy (i, ) deuda
PIUALLUUTLEFIN 2 nesurinuutesn mlszneu 2.12 easiadudyauesdlsznou

YDIUTITUB B IUUUNUA (v], ) mimEnnis (2.29) dmdudaniuguuuuiiledigaving e
AurnawesnmUsEne 2.12 vhwhiassdynnnesiusynouvesussdiuuulnuml (v ;)
PINENNTT (2.30) LAENNTUIINAIANURANANTENINF Y QY IUBIAUTENDUVRINTEUAD 19D

vuunuA (i;, ) 8sAUszneuveInssuavLBn UM IauazAwalliasannsyuu (i, )

v:'s B vds + a)Lsiqs - (Kp2 (l;s [} ids) + Ki2 J. (l;s - ids )dt> (229)
v, =v, —oLi, - (sz(i; ~i,)+ K, [, - iqs)dt) (2.30)

nsUugudnTueedadiu (K, ) wedhmueisuiius (K, )aslunalaensan
IINAIAMUAIUNIULAL AT (R, Uag L, ) N19AUBUNATIAUNIDIINDS SIudee

wuusIng (Bandwidth) Weuduaunislane
K,=alL

P e (2.31)
Ki2 =a,R

1 s

lasfiRuuaIny (o) usudsnauauiuuiilosnan 2 uagAan 3 munusingly
aun1s (2.31) agfAtesninAuisudwueinsaing (o, ) og1aeos 10 Wi lnedewiy

aunslesatl

o < 2o (2.32)
10

Msuan AUt INaTeIN1TAIUANLUTLENIIN TlAlaetoAUsENoUTD LT IfY

99B9UUNNUAT (v), ) warosAUTENOUTBINTIN WD T sunlAUAL (v ) 91naunIs (2.29) uay

aun1s (2.30) wnuasluaunis (2.26) azlain

diy,
di
di

AT
(2.33)
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aun13 (2.33) wanaliliuanne35n15089989AIAIUANLULLENTIN A2 THNI3
\WAB WU 989 UTZNBUNTLUAULLNUA (@i,) warn1sUasuLUAataIiUsENauUNTTLA
UULNUAL () Hendasyaniu é’ﬂwmzLﬁuﬁdqmaiﬁmimmmLLiaﬁusuamauna%Lma%%qLﬁm
31NN13AIUANDIAUTENOUNTEUAVURAUA (7, ) 4aTNITAIVANAIUTENBUNFIVDIADULIDS
P93TUAAINNTAIVANBIAUTENBUN TLUAUULNUAT (i,,)awnsavhladnsuagiiafiosnm

1NTIVU

2.5 NUATBNYITas
lker Aretxabaleta uazaniz[9] latauenan1s@nwidoyalisdnvemannisiay
waldulunisasieannduinisusasoaudlniildussiuas Inegefinuiludssiiunig 4 9

Nerdasiunmsiamaniusnisvssdmsusasudlii laun nasldseduussdugaivadiu

a

AuEIlun13I3a Wmsgusazdeninuaiiieidesivaniduimivnse JUuuUnIIese

'
o w a

n1sSeuiieulssaninmuaz vz vesiinUasiumamildnulugunsalviia uas

1% PN s g v 9 | v N dl = ]
Naﬂigcl/]‘USUENﬂ'ﬁ.lsﬁaﬂqUUiﬂqﬁﬁqif\]miﬁjLLiq@u’aﬂq@@IﬂiqatiWUEqUSLULQJa\TﬁjﬂJﬂQNaﬂigﬂuma

o v a

a 1 o & = = a a o o Y g v
GNPIZIEMN ‘VNUNaﬂ'WL‘UTEJ‘ULVlEJ‘U‘lJi%ﬁ‘Vlﬁﬂ']WLLa%ﬂmaﬂ‘Uﬁu%sﬂaﬂ9]'3LLU@\TNUﬂ’]ﬁQWﬂJIﬁ\ﬂUiu

o o aAa

guUnIalu$INUIN Muwdasdumasndldanluaunsalviialutdagtuasionsonit fises
nazuanentotlu 3 naulvg) q Ao nudiSesnszuauuunadn nquiBenszuawuulauin

o A = Ao oo i Y Yo a o %
Lazngudseansenawuukanin lnefdiseanseudlunquuasanazlasuanutisinunly
NUUINNIIFRTLINTTUAADINGURIN LUBIIINANLANN T LU TN daalAn seuany

[

dunailauigudeesuetiniuAeulini davideanunsanivguiviisenaumdadan

o
av A

Tndfeands ﬁﬂﬁﬂizﬁwﬁmwmaaﬁaL‘%ENﬂizLLaLLuuﬁﬁﬁhqaﬂfhLLUUﬁuq Tngnsideila
ANw1UsEANT NINLALANE N YLV IR ATEINTELALUULBNTINTINIU 5 62 laun FSes
nIzuaaILWa@@aITZAULUULAL (Conventional three-phase two-level rectifier) Aauas
wasauanuuniegailinga (Neutral point clamped converter) faiFeanseuaadina
IUUILUU 6 @dnd (Vienna 6-switch rectifier) $1589nszuadIum@l sutuuy 3 aind
(Vienna 3=switch rectifier) MiSeanszuaauaisuunwilodl (Vienna T-type rectifier) ay
WU LS BINTZUAAINNAI B ULILVY 6 @30 wazAuIBenseiaaualsuusinid

UszAninmuazaussouslaniaunindadug Inennizeg1eg slusununmmadniuag

' ¥
0O v A a = 1

= [ = S o v ! =% o a
miqﬁymsmawmmu EJEJ’NiﬁﬂGl’]iﬂ‘l«!ﬂ’]iﬁﬂw’]ﬂiﬂu‘aﬂl@ﬂa’l’m\ﬁﬁ]"]Lﬁﬂﬂﬂi%LLﬂﬂ?MLWﬁﬁ@\‘i

v A

SLAUDN 2 H1 AR EINTEhad WAL U N @l ATRenuwUUlNg (Vienna Y-switch
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rectifier) uagizsanssuaauimaivuniaindrofuuuuinad (Vienna A-switch rectifier)
wadiadilasinsdnwanudululalunisiwnldnulugunsalmsausednsle

Christian Jung[14] IfinauenanIsnynansenummanaiawasidandivg fie1q
AetuannsfiuussiulaiinszLansedmiusasudlaliduyaaaligaduminiu 800 Taad
Wisuifsudunsldussiulniiinssuanss 400 lad Mdfusnoudlwiihduyaaadulnglu
UagUu IuﬂimﬁulﬁmﬁwaﬁﬁLﬁWﬁ%uﬁ’uszwm'ia'w'waﬁwé’ﬂuﬁaﬂum‘lﬂ/\lﬁwdauqﬂﬂa
ANNENTalUNITNIT TudsUsEaniamuazaussauzvesosudbiindiuyAna N8N
nsfnwUisuisunu mafinduvessssuusasulninszuanssiiliansasudlidindiu
yaraa1n 400 adidu 800 Thad mnarsanifidaiduviniy sgdenalinszuadilnaly
fhilusunaanas vildauagainesaglifiuasTauiien q Sawauaziminiiesas
Fedsnalnonssdavuiauaziminvessasusui fidesasiliaussous vessnsudld
a9ty waniflasnnnszualuimivosesmelifiuasvauiiing « fianasagvinlinisande
ddluiniddanasedoiigu Juilissavsnmnisdshdnelusosudlifigatuge
uenndfmuiiniaivduresseduussiulninszuansnn 400 ladidu 800 Taadlu
sruumdadaneiilisreznailunssdanadiluniifudnussam 16-15 wif

Niancheng Zhou wagAmug[21] lnudlauaitn1s3Aszsiuaznsas1auudnansans
weinluanfluimsniesnsudlnihildmiEsenseuaauimawuumuanlaild (Three-phase
uncontrolled rectifier) fEA8n1iiATERAuNSzLALAY ussF LTI ART Uz T BUR
nifhauilinauisdnuasvesnauensueinfifatusasdsuanssnudananinidsliiily
syUU W et enLUULAzaT LUUTIa0ses uednuulamuANd fen1sUTTINA
Amsdwasaneg TuasiisudsesaafusmsvasasoeudliiiilisEvansewaany
wanuuaduanlale 31AN5TRAINTTRALAZLIIAUAIUE UNAVDIRUTYINTLUARINE?
NANIFITENUIIAA UNTELAGIUB U aT BN TeLaa s aL uumUAlallAAlFua1N
uwuuSaesensueinfieantuuuaras et umiioufusuadunszuaifaldass Snvisaaanm
Lﬁusjul,%qm%maﬁﬂsamaqﬂizLLaETaﬁmiLU?{sJuLLUaﬁﬂmmwwﬁ'}ﬁma%mamﬂmaﬁ&hq q T
29959759 nd I Re AN sUTsen fue in Muvsn TR gL SN LA VTUIRYR I Vs T
wazlvanfinoogluiees Insflmnuiisuderiieinsuesnssiamanildsuainnside
fivinfu 30 wWedidud dedsdiafundifiduanmaneasgu IEEE 519-1992

Ali Saadon Al-Ogaili wazaauz[22] leuauaismsiaidmsuauaunisyineuyes
gunsainuvueunUsaddniusasudliiifiasisonsandsnudinguunnodléva 3

szAU MelEN1sInUTulsiusmAUIsnsueganAunIsiaduUULngY (Sinusoidal Pulse
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Width Modulation: SPWM) fe33nsfidiausaslinisudasiufdsiiuuuautuney
nanfe Tunouksnduulasiuidsliianssuaaduanuaeinglaiinssuaadu 3 wia 1
dulinszuansslagldiiFosnssuaamlaaesse fuitldsunismunudieisnisdausu
usadusufuimaseganuniadlaefidmneifieandnuiisudefueiing
YanszLad unauazAIALAsznoumatlidalndidsanis mindulutenoudiaos
wsanulninsguansarzgnudasiulululiiinssuaadulaeduies mesarunawuuan
spiufimuaumIhauineIsnsueganenunsiaduuumeddmivniandanulusedu
1 w¥osedu 2 lihduuniaed welmndumsuialusedu 3 asdunissiofuussiulud
nszuanseHUf IS vanszuaasauuulalend siofuussduliiinssuaadu 3 wlavn
Sunefinosaulanuuansszduisieudunoufiammenisuasiusddlnih waginnis
Faean1siumelusunsi MATLAB/Simulink 2010a waznan1svageuldauasuansly
Fuihgunsalnsauuueunyszasidmiusagudliiihfimunuseiiasdausuussius v
FBnsuegananunaiaduuumefitiaus annsamiandinudiguuamedsooud
Inifinléks 3 sedu Tnefianssnusienmnmidsliidudunmdeamiuiloudeeisuei
nsIvRINTHE 0.83 Wodiuduaziiseneufdsiifidyintunils

Milad Rasouli Khatir kazAnie[26] AULaUITN15AIUANNNTIIUVBIAISEY
nszuaaumaEIguLInIgasdndiadion (Virtual flux) uuguIsnIsAIUANMaIlagnTe
(Direct power control: DPC) iileiU3suiisuanssaugnisiauivisnisuegianauning

ﬂ’aéuugmﬂﬁuwwﬁ (Carrier Based Pulse Width Modulation: CB=PWM) #1350

a

LAz 1N15UT LU UANT IV UBIN A4S AL NAIFUANNU NS UB 9D N UNaD I @

Y

1 NUSgUBUNUAID1999 AINUUAIANULANFAITNATUIL AN AL ARIAIUALLUUT MBS Vel

Y 9

(Hysteresis controller) tiatlldidonianmasueisnisuegianaundaiadieaiuein

sal a

Wos Y 6 nnwesTinelesluusazwnmesang (Flux sectors) @ ludmaimnaug

2/ U
[ a

nsvhauvesEindinasivanun e witymdfguosintosnseuaaumadeuundudum
Feenssuauuvausyiu Ao n1sliilanavedisaiuiinnaseusiiiulssgitaesiiuendne
v a v = Y a aa o ! v b v v
YowREInsza Tanddedlaiiadsnsauauuswunnaseudminuuseansaesnililana
i Tnan1sTauasiUSeuiiisuausiunnn AToNR A UUIZINEeIRILNe i Na A ULANGI9ES
TFIAIUANLUUTAMBITAd IS ULARNINWBTNATE mad oA UL N1 TNt N TSNS
aufsalivanzauuind @y naannn1sdnasanisvinnuluanigegdiiglusinsy
MATLAB/Simulink waasbiliiuii nszuadunavesiiBesnsewaiouuniaiuiieudeesue

1n57u 2.65 Wosus wazraunseualuwraviaasdumaiuussuluwnaiu o dawalim
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UsznoumdaialndiAsavils Snifsnduussiunnaseudufivlsegisansiaduiodnads
wanslyiifiudanuildnatunasaszeznaiinaaey egdlsinmiilenFouifisunanisiay
yesisnsmunNiitiaueriuIsnsueglanaunsiaduuguaaunn wuiAmiiey
Besnsueinriuvesnszuadunaiilaannisnsueglanaiun eiaduugundunng sl
i wilvinanouauasluanmewaiftninisnseueiiineaue
Hang Yu uazaniz[34] Ishiiauananisinundeyaidednineafiunsysminissnous
Wi fideusaafulaseiesyuusmdalni (Distribution erids) Tnefiitnuneiienis
Wamnnslindsamessdidunazannansgmuredauinden fissinwiaszdfny 3 Useiiu
Tngluyszinuusnilunsfinuuuuunagdnuaugnisdesings (Power architectures) naonaw
s alulaBiAedesiunsdendesaoudliiniulaseessuusmng i dwsy
Usziusoundunisinununnsgrunadeusielassielulii (Grid connection standards)
waznnseideuiiiendes ielviiulaldinnsTsasudliiniifinisdeusioririulassness vy
Tuhglviiiludagiuianulasndoaziivsedvsnim uwasUsziugareidunisfineiwun
n1an15UszgAdlY s ud il evimii A D uuva andanudasesliivlas sgelain
(Vehicle-to-grid) flanunsatsuuarildnalnanuasiaiuairanmsiundlyiiulaseeliin
dmsunanNsAneURUULAE SnwMEYeInIsAiIf 19 laTa esEuu T el
sosudlwihasdulvludnuagresnimdandsnlufuliluunmeiinndeg nelusooud
i sheBmsnnsandsnudeliog 3 sUuuu Ao mavn$alaesesundmuainuuasateliii
nszuaadu 1 wla nsnsalagdesunasuainuuasdtelniinssuaadu 3 e wasn13vnsa
Ingrasunaenuanuvasdeliinssuanss dmsusuiuunisesasuuusnazldsiudasdiu
Mslwinszuaady 1inadeidirdulaseieliiinssuaadu 1 wla i ouvasaduldi

NIZUANITIBIgLURAES N13sadnwaEtdsnEaniin1susakuunsata inseidunis

s Aav o o

ysefifinafasligannyinlilidesddnamsaunuvaredalusaundmdsnuasiitaiiug
LuAled dmunismsaguuuLTidesyldiaudasiuddsluiinnszuaady 3 wadodiu
lasstnelwihnszuaadu 3 wa Widulinszuansedrodnguunine’ fidnidwosnses

sUsuUEREgeninsistluguuuusn dwalinisviawdssuaufiunrmiguestuninedld
nansETu uarsUuuugaThedunsdiiuasiuidsiihnssuaaduulnihnasuanss
Tasnisseiiuszuulalinnszuaadu 3 wia wagudasduliiinssuansanfaduunnes
vossnsuilifinlnenss Snvsdaduntsmsafififidaidrgendisuuuudug shlinsensa
nanuauinmNUosUnmedlfgTInElussssnanlifuaiadalus Jadeubendn

NIV VUISS
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Jitendra Gupta wazanz[35) Idtiaueisnisuiulsinunwiidslniniiie
nnsidgunsalmsasasudlvitvuindn Tnenisldmiseenseuamlafiowuuuiadiaad
(Bridgeless rectifier) dofundsuainuasdaglninnseuaadu 1 wa dhudanieniidu
unALeF e (Singleended primary inductance) Mnusdsusesulninszuanseli
fudasiuidsliinszuansadunsuansauuuldmnienit (Switched inductor) Liloan
usesulaifinszuanssliiidneg senine 45 - 65 Thad dwsurisauuames naannisldm

FeanszuanlaligalLuuuIadiaadaienisauann1siuvesaIndinaeisaa s liinay

Uszanuiuaignud 20 Aladsnd annsavilvndunsewadunaiiaanuiisugaansingiy

'
v '

§ @@ ¢ & o 0 w w A 1 Y a = Y Y
Youn31 5 Wasua nTemiusenaumaddsiialnalAesnds wasnaann1stealuasny

Adslwihuuuliimieniyiliautsaavauissulinngausomsv fauunnoinsly
N17¥0YAILAEANIENATA Snteniseenuuuliveululunnisheuuulided os
(Discontinuous-Conduction Mode: DCM) Saggliidmienifidesdfivunnidnas dawa
Tnemssornalassin tviin waeeivesgUnsninsasneudivibianasine sedlsfin
winnsdenlifBenszuanadiouuiadnadazdaalinunmmdslidusunaidy
satamagaplesndannnistnssud (Conduction loss) inruddndentosas uinisldio

a ¢ o v d'

aindrinaeniennuinisaindniaiganavdanalinisgadenidaminnisaing (Switching

loss) HAasduiIn dnan1saenwuulrikUastiumdsrnaululuanisyinaukuulissiie

Y

£

Afarudududeddgunsainmadumniivesing 9 lussuudiniu dlfssuuauaunis
‘v‘f’mmﬁi'}mqa%uuazﬁmm%’u%@ummﬁﬂsﬁu wagfiddnyAensulasiufdauuy 2 Tunau
Wiorsauunmesasyiliszavsnmuasssuuiaiana

Hui Ma wazamuz[36] liilauedsmsuegamdsaglinnasiuy 12 wnines
AMTUAITBINTE LA AANISA UTTAN ANINLAEILUUINY (Three-phase two-level
unidirectional Y-type rectifier) Aagn13a3 19N @ SLEN O (Virtual vectors) Wagusn
$1uu 6 nnMes MALRLTelagud 8 nmeSTuLHuAATINIAR A MTURBUNBSINDS
aedseiu AmsuUIsnsiitiaueBudunmIiasesimannsiaIutesGen sy uaanE
aossERuaiafirnafsanuung Wiemaougnisaindueninaesusidiukasnnmnesiaiiou
fiertostunsienlusnimesing 4 i 12 wniwes vugnAsnsuegiendsaiUeinine
ANTUADULIDIMDITADITLAU mﬂﬁuﬁwamuzmsa’%msﬁﬁlﬁma%ﬁﬂé’@mmﬂmammsﬁwm
vosadndmdslundazAana Tneld33n55sedfunisainduuuinau (Five-segment
switching sequence) Lﬁ@ﬁ@@WMﬂﬂiM@QLﬁ@ﬁ’]mWﬁﬂJ’]LU%ﬂ‘ULﬁEJUfTUﬂ?iluﬂ’mmgEJ?,J

(Triangle wave) A3 12 Alaldsnd LioAIUANNISYTINALYBIFISBINTERAMILEUD HaNTS
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i 7s [001] [14.0] [100] [010]
a = [111] (111 [101] [011]
o [011] [011] [0 1.0] [0-10]
i Ve [0:04] [001] [000] [000]
7 [111] [111] [011] [110]
Vs [0.0.1] [00 1] [00 0] [000]
200-210°) - = [101] [10 1] [0.01] [100]
5 v, [111] [111] [011] [110]
2 [00 1] [110] [100] [100]
21073007 2 [101] [010] [000] [000]
v, [111] [111] [110] [101]
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A5 3.2 anugnsaInduesiunsruaniiauauugIuNsHegaadasNnes (sie)

. s A01UZNTEINTUITTIRIVDININLADIANG 9
wnmas | Yaulua | LINAesi — — —
. g WHUAIW | A2LS8aNTEUE | ADLTBANTZUE | AILTENNTELE
LIInU (2361) tNYIVBY . Y - .
dleanaes | wuuae wuuLAann wuuuINg
2 [101] [0:4.0] [000] [000]
s 4 7 [100] [011] [0 10] [001]
6 V) 11 [111] [110] [101]
Vs [101] [101] [00 1] [001]
‘R’ 7 [100] [100] [00 0] [000]
v, 111 [111] [10 1] [011]

3.2 miaanqun'ﬁv‘hmul,mu“lajﬁiaLﬁawugm%ﬁmsuagtamL%\mukmnma%

n1seenkuuNIvnukuulifeLlasuugIuIsn1sNegaalsEUgINmes vilalag

o a G4 gj LY} 1 e‘d‘ d‘ 14 1 6 U U d‘

NSUNENIUENISEINTNG 3 Mveudagnwasinetadluliazinwesusny Aeazulily
M99 3.1 UAZAITN 3.2 WdaE e ieadsdya uduihaindlulsarfunavoiiEes
nszuaauld 9959n11135n19158981R A UEN19@ING (Switching sequence method)
dwsunannisisesdunisadndaananuulidsiiuumeds uinafilazdesiliinnis
\Waguaaugmaiuvesdiadidslunsiazianadoeiigauinfasidululs wielinisgayde
o a & a é{ v al' 1 z:{' < ¥ d! 1 ¥ a a v a
Aasannsedndiinlutassigawiniaziululs Feagdmalilssansnmlnesiuvesdiizes
nsvuaaagely uaruennMsibiinnisivaeuaniugnisiauvesaindindaluns
avfaadeefiaavinanidululiuda aannasdinenlu(36] wuin 38nsfiasyelinisgede
A18991NNSEATUBIR IS N SEmaA U danatataiuladnfe niseanwuuladindgiidadl
Asvinukuuliseiiod Ingo1funannIsiSa9a9UNITEN AT UURIEIUNIT

3.2.1 N5 Y9ENIRUNNSAINT LUV AIUA AT UANS S AF 1N EdDITEAUIRAT AN
LWAYILUUINY

A5N195138IFIRUNTATAT LU A IUUUTIUTTNISHOERT AU BINRDS

ANNSTUALS ILAF NN AADITEA UTLATANILA 8L UV 92 TTAI5LS 89810 ULINLADS I

sl

nnwesienivuaziinme saudnifeWadlulsiarwnina fusiuliaIsan S eadiuiuwuy
PaI IngNABAN UL NITAINTVBIINADSNLATINAITIATIEAFIULANTAINTIUAITI 3.1
LAZANTIN 3.2 fI9g 19U MNINMBIUSIAUIBaAdeuvyuaglureun 30 a9ALINYBY

WNWasusIunnila (VS1) nsunneesfiierdosiSeadiiunisaiaduuuidundudsil

V.= V,= V=V, Vo yinlileaniugnsaiaddnsvaindnidaeaunanalaedaisnu fe
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[111]71 101010071 1 0]01 1 1] Wewdulaezunsuan (Timing diagram) las
AnUsenau 3.8(n) Iuv‘imauﬁmﬁ’umﬂmL@@%Lmé’ué’waqmﬁlauﬁmuagﬁluﬁnmmamw
30-60 031 NMSUIINMBSTILA BTN BsET Unsad At uUUTduaziinIsUS U A By
il uiunsiveanisdsuanugnisdindliantosdian do ¥,V — V.1, — Vo
T¥ldanuznisedndamsuand idaisaui alalaofandu fie [1 1 1100 1 110 0
11700 1 1170 1 1] @euwdulnezunsunailananinusenau 3.8(v)

V)
[110]

5:3 I l l > Sp | l | >

Se

3 2 2 g N R R BN B
(N) YBULINYHTEWING 0°- 30° (V) VBULUALUTENING 30° - 60°

ANUTENDU 3.8 NNSBLAAUANIULNITAINTWUUTNAIUE NS UA IS LU Ad LN @dDITEAU

IRANANIHALIVUMS U N MBS WA LTINS

o o

9InAnUsEneU 3.8(n) agiundyaaduthaindlunanatuagiadaz vinld

a 6 s:ll 3 I % o a 6 q' I Y a & a
antinsilasuanIuy 2 39 wadyaruduiaindlul anaeagludwmalialindiianis

[ o o

Wasuanuzlsingdln wazannmusznou 3.8(1) dygruduihaiatlunsnaniazmadas
mliaiatiinisldsuaniug 2 Ase vusNdgeyruduiiaindluf unadazldvinliaingiia

n1siasuanuzusiaglle duninganudnddyaaduiiaintaenaituniununis

v & o

YUY AT A1aIN Azl I LINATIvaINNsaIndanadls 1Ty 3 WaIndIIuATINIg

AINTNINUA MNUHNANITL N DS TN YIVD LULAAL Y NLADS LSIAUL S LIANN UNTAI AV WU

v 1 [

@71 WAL d1AUY0Ia0 BN TAINT A MSUAIATIAINIAIUA WA VDINALBNLAD T UTIAY

ANNSUAIS 9N TEhAANUNADITEAUTTANANILAL LU LARIAIANTIS 3.3
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A1519 3.3 NNFLSUIANAUNITEI AT LLUUTNAIUAINS UA LS 99N a1 U adnasenusin

NANLALILUUINY
LwnLADS YULYN mM3Fesaafunnesi dauznsaIntamsualIndnas
HIIAY (2961n) feados WeaEnunaa
0° - 30° Vim V2 Vi V=V, | [HE1]=01 1.01[1 0 01=[1 1 011 1 1]
: 30° - 60° Vi Vi =V =V, [ [1112[01 12000 1[0 1 1)1 1 1]
, 60° — 90° Vo Vs Vs VeV, | (11121012000 1110 111 1 1]

90° - 120° Vi VeV V=V, | [11112{11012[0 1011 101211 1]
120° = 150° | V3= Ve= Vs> Va—V, | [11112[0 110200 10100 1 111 1 1]

’ 150° = 180° | Vo= Vs—=V,>Va—V, | (111121011 00—[10 111 1]
180° = 210° | ¥V, —=Vs—Va—Vs—V, |[[111=[1101[100]—[1 1011 1]
‘ 210°=240° | V= V™ Vs=Va—V; | [111]72[011]2[00 1[0 1 1]—[1 1 1]
240° - 270° Vi=Ve=Vs—=VeV, | [111]2[101][00 1110 111 1 1]
> 270° = 300° | V= Vs—Ve—Vs—V, |[1112[110]7[010]~[110—[111]
300° - 330° Vo Vio Ve ViV, | [1112[011]7°[01 010111711 1]
° 330° - 360° Vi= Ve Vi— VeV, | [11112[101][1 001101111 1]
3.2.2 N15158981AUNTSEIRTULUUIEIUEMS USRS saldanudanaseausiin i Anig
FEILUULAaRT

dImsUITNIS BRI AU TEItL U LA INUUgIUNTegIaa WA nnmes
dmduiBeanaanuaaess furiafirmafewuumaditiu Siaddnns Sesddunnned
fannmosueniinuazanwosgusfiisatasluisarsnnesusiuiiinrsunnGeadiuiy
wuuhdumiieulunsdvesiBoenssuaaumadountin unzwanaetuiidauznsading
YonnmesTlannTIeszddausnIsalnt UeesaSsen s LA adessE fuTda fiavag
WY ILUUAGFTUNFINITNITUOR AU BLINRR T AN EAZIBEAlUAITI9 3.1 HAZATSI
3.2 A081919Y ‘mﬂLaﬂLma§LLiaﬁu5N§aLﬂ?{auﬁmuagﬂuﬁuauLﬁum 30 DIANUINVDIINLADS
wsssuinia (£51) msthinine siiAeate dumnimesussduiinis (751) nEesddunsaing
wuutdliussdl 7,7, 7= 7, — 1 il deaugnisanddmnsuaind g astaans
Aunalnefidrviuie [00 01=[1 0 01-[1 0 11=[1 0.0]—[0 0 0] Bewdulaozunsualsds
AmUsENBU 3.9(n) 1uﬁ'mau§mﬁuwmLaﬂLmas‘LLsaﬁué’NSam?{auﬁmua@uﬁnmmamw

30-60 99A7 NIFUIINLADITLN &ITDINNS L9A1FUNITAIATLUURIEIUI TNsUSULUA

Ly oA

eliinuaswenIsiasuaniuznsaindiatesiian fe V.=V — V=V = V29
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Tilaanuznisaindarnsuaindnduisarunanalaedaiau @a [0 0 0]—[0 1 0]—[0 1

1110 1 0110 0 0] Weulwdulpezunsunaildfninnusznau 3.9(2)

Sa

V)
[100]

S

Se

(n) YaULYALUTENING 0° - 30°

(V) VBULUALHTEWING 30° - 60°

ANUTENBU 3.9 NISIS89AIAUANTULANSAINTWUUMNAIUAINSUAUS BN WEAUNAADITEAU

YRANANILAYILUULAAR MUY NLAD S WA UL

A19719 3.4 NIFL5L9E1AUNITEI AT WUURAIUAINT UM LS 99N SERFaNUN AR IS E A UTTA

PANIWALILUULARH

= o o gl
NILIIATAULINLADIN

o

WA S YULUN daruznsaEInddvsualIndnias
LSIAY (29¢i1) feados WadwRaa

0° - 30° Vi= V.=V, =V,=V, | [000]=[100]=[10 1]—[100]—[00 0]
! 30° - 60° Vo2 V=V, =Vi—= V. |[{000]7[0 1 0]=[0 1 1]—[0 1 0]—[0 0 0]
60° - 90° V= Vs>V Vs=V, | [000]7[00 1[0 1 1][0 0 1][0 0 0]
? 90° - 120° VsV, 2V, =V,=¥; | [000]~[100=[110]~[100]~[000]
120° - 150° | V;=¥s=V; = V.= Vs | [000]7[0 1 0]=>[110][010][000]
’ 150° - 180° | Vi—=Vi;—V;=Va— Vs | [000]2[0:0.117[1 0 1]—[0 0 1]=[0 0 0]
180° - 210° | Wa™VspVi—¥s—Va | [000]~[1 00110 1]=>[10.0]—[0 0 0]
: 210°=240° | - Vs =¥Vs—=V; Vs Vs | [000]7[0 1010 1 1]=>[0 1 01=[0 0 0]
240° - 270° | Vs=Vi—= Vs> Ve=Vs | [000]2[00 1170 1 1]—[0 0 1]—[00 0]
° 270°=300°..| Vs=Vs=V;=¥s— ¥ |[000]=[100]=[110]=[100]=[00 0]
300° - 330° Ve V=V, Vi~ Vs ([000][0 1011 1 0]=[0 1 0][0 0 0]
° 330° - 360° Vi=Ve™V:—VeV, | [000]2[00 110 1]—[0 0 1]—[0 0 0]

LY o

PNAINUTENDU 3.9(n) Astuldg1etmauIndy g uduinaladlud anaLe

g

wazAunadavinlraindiasuaniuy 2 A3e wadgyaraduiaingdlunanalaglidaaln

antiinnsildsuaniuzisegsla gonnassiunInysznaU 3.9() Fanuindgruduii
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WEILUUUSAR

o w

dmsuIsMsiseeadunsaIntu U dIuuugIUNITRag AU TINAS
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— ¥, =V, ddims3esddumileututunsdivesiideanseuaauiaassseiurdafianig
Fewuunad uiidosannaniuzniseadntuszsisusudaznimesdnuuananei vl
anusMsEInTdmSUandidsansRaadudsd [0 0 0100 1 0170 1 110 1 01~[0
0 0] wazWeudulnezunsunanlaneninysynau 3.10(n) luhusadeaiumnnnmesus sy
SreBundeuimyuetluUinameuln 30-60 B3 MthnNMesTNgITomFesd AT
ATV Ao V.= 7 = = Vi— Pl daarusnsanddmsuad nding e
anvAanalnedidisu fo 100 0770 1 0111 1 0J[0 1 07=10 0 0] Wewdulaozunsuaan
IFRan1nusznev 3:10(2) Tnenuidyaatuihaladlui waduasdunadasviliadindd
nswaousn g 2 e usludwesduamauih@ndluiaaeadlddsmaliaindiinnis
Wasuanmuzuiestla denadatiunmyszney 3.10(v) inuihdyaasuiadndluiana
wuaziaadesild@adiinsdoudany 2 afs vadiduaaduhasdluianadas Ly

danalranntnnn1sasuanUL ARl FIazaEINalTINUIUATIRINTENRTanadle 1 Tu

sal A
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(% '
Y a

S9AIAUNITAINTLUURIAIU LaZaIAUYDIEIUENITEINTENSUAINTANEI NN WAV D
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VNGNLADSHIIAUAMTUANT BN TERAUNAFDITEAUBTANANIUALILUUUTAT LaARIA

Sc

M99 3.5

SR ST B U/ EE SN U/ B (R BV 0

[000] ! [010] ! [011] 1 [010] ! [000] ! [000] ! [010] ! [011] 1 [010] | [000] !
S.l I I I I I - f S.l I | ] I I - r
Sk : ! Sp | | : .y

| |

1 1

1 1

1 1

13

b t

2 2

(N) VBULUMLUTEWING 0° — 30°

nnusenau 3.10 M358

anudan UENITE

o w

141

2
(%) VBULUMLUTEWING 30° - 60°

ANTLUUNEIUEI NS UAIS8LEA LN AR IS AU

a a a a s o oA =
YRANANILAL LUV UIAD U NLAD T LTI UNATIS

A1519 3.5 NISBYIAINUNITAI AU LBUUMAIUANNTUA NS 9N sehdaun@ansseausin

DANALILUVUTA

LwnLADS YDULUN MSi3EedRULINABST dauznsalIntansualIndnnas
LSIAY (29¢i1) Headas WeanuAawa

0° - 30° Vi= V.=V, =V,=V, | [000]7[010]=[01 1]—[0 1 0]—[0 0 0]
! 30° - 60° Va2 Vi—=V, V=V, | [000]~[010]=[110]~[010]—[000]
, 60° - 90° V= VsV, = Vs—V, | 000171001 10]—[100]~[000]
90° - 120° Vi Va2 Ve Va2 Vs | [000][100]=[10 1]—[1 0 0][0 0 0]
120° - 150° | Vs—=Va=V;—=Vs=¥s | (000100 1]=>[1 0 1][0 0 1]=[0 0 0]
’ 150° - 180° | V4= V= V=V =V, | [0001=20.0 11=2[0 1 1]—[0 0 1]—[0 0 0]
180° =210° | W4 Ws— Vo= Vs— Vs | 000170 10101 1]>[0 1 0]1[0 0 0]
‘ 210°-240° | Vs=V.=V;—Vi—>Vs | [000]2[01 0]=(1 1 0]=[0 1 0]=>[0 0 0]
240°=270° | Ws— Ve Ve V= Vs | [00017[1001=11 1 0]—[1 0 0]—[0.0 0]
° 270°.=300° | Ve=2¥s—Vi= VsV | [000]=[10.0][1:01]>[1 00]—[00 0]
300° - 330° Vs=Vi=V,=Vi—=Vs 0001700 1]={1 0 1][0 0 1]=>[0 0 0]
° 330° - 360° Vi=Ve—V,=Ve= V| [000][0.01]7[0 1 1]7[0 0 1]—[0 0 0]

3.3 AN5IATITHAUNTITAR LYLARFINSUANITBINTLEFN U HFDITEAUTUAN AN LA

Wnsasedeygu

fdlwAau S euiisuiu

Y o

YUUNE

U 3

GRTRTREY e

Andilasunnufisusgaunnludagiuifenisasady o

sUanuwmdeN amaszaunsneenkuulazasisla
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UmumdnnisiuvesBsnssuasuiasosssfuainfiamadeai 3 sUlUY fatfunns
3meﬁmaumia'sﬁ%lﬁaé’m%’u@hﬁmﬂizLLaaﬂuLWaaaQ'ﬁzﬁwﬁmﬁﬁmqLaml,wiazgﬂLL‘U‘U
Fefleruuandnedu TnefiseosSeaduiolud
3.3.1 aumsmiludadwiusiBemuaauaaessesuriafiamaieuuue

HAINNNITIATIEVNANNITHIUANLATIATI9TVBIAIS 9N TElaa UL a
A045EAUTTANANIAL LU LB UUTIWITNSUeR AT A BINIARS Wlovnaniugnnsaing
PoINMBIAN 9 MiAefedluuiaznnesusaiumuseasdenluided 3.1.1 Ussneufu
vannseeniuularamuaulvalndmdwhauuuulidedes feidnsFosddumsaing
wuuhdudmiuresiauseansuaaniaaesszduriafimnadeanuunegluited 3.2.1
yilvanusameaunisTsnaninszevesendiddluusas AaavesihiZssnseuavinldineg
fu fremshmnsnanfidietidilusiasianalianus msainduintu 1 vesnnmesyndai
Aerteslundavisninesussfuinsmiu snfegiatu mnnnnesusadussdandoudivau
ogluvouln 30 pernusnuemnimesusTLAnda (VS1) uarinanisSesdduaniug nsaing

wuuma@unLAkanslunmuseneu 3.8(n) ANUNSOLARINATINVIAUNTTVIIANEI TR

(%
=]

2995lunsaznawa Tang

T, =t +t,+1T,
T,=t,+T, (3.1)
I. =T,

PIUUUIUAINYS ¢, 1 uaz Tmaunisiaiganliluuni 2 m3e 2.1 a9

Tuaunis 3:1) agla

+J§TSVV,,( B 1 J

———cosf +—sind
2 2 (3.2)

———cosf ——sinf
2 2

B, ( B 1 ]
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adunely gaumaunsidledanduiusivadviinisnmsuenian (m,)
Toen1sinauns (3.2) Faduaunistiaiaidinsenavasaindiunanae wald waziadnig

memunaInsdu nieunadeulvieglumensidviinisnisueganauaunis (2.15) azld

D=1

% 1 J
(3.3)

D, =1+m,| ———cos@+—sind
2 2

3

1.
D.=1+m,| ———cosf ——sinf
2 2

e sReItumINNnesks U uafeunnyuluanegluusnvauiun
30-60 94A1 VBIBNLADIUIIAUTINT (VST) HaN155 8GR UANIUZNITETATL UV ILUEARS

FHINTNUTENBU 3.8(0) NATINVBIAUNITVINIANNAINTADAT IRz AUNarle fatl

TA:T(')
T,=t+T, (3.4)
I. =t +t, +1,

INUUUUAILUT 1, t,uae T, auaunislanaadliluuni 2 an919 2.1 ag

Tuaunis (3.4) agla

3TV
T, =T, +@ —ﬁcosﬁ—lsinﬁ
v, | 2 2
3.V (3.5)
B :TS+@(_SHI9)
dc
T, =1

wazaInIsongalnmIaunIsAaf ludalnenisuiaunis (3.5) duduaunis
Prsahnseiavesd@indlufsnae wal wasmladyningnuIaInIsge nseuiaduuli

I 1 v a ¥
agflumenvaAPBlinITNISEAARMMENNTT (2.15) Ayls

D,=1+m, {—?cos@—%sin@j

(3.6)
Dy =1+m,(-sin0)

D, =1
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FBN1TeTIgineadaemansiiomaunisiflufaluwninosusadunnds
(VS1) Nwanatnesiu ansnsadiluuszandldlunismaunisiinlefavessninesusiquau o
Mvdeagld lnanaannislnseiasulanumsn 3.6 uagansne 3.7 eduiusivveuiun

37 luwsas BN SHIIIURUTLINLLYEIN A THIILE 1984

M15749 3.6 AUNNIRIR IBLARYeNwNIMBsLTsudmTURIS e TERaa U aaIsEAUTiln

ANIAYILUUINEY
LBNLADSUTINY aunsan lAadvsuadndindeaisanaiema
POULVA 0 — 30 B9AN VOULUH 30 — 60 B9AN
1.
D, =1 D,=1+m, —ﬁcose—fsm&
2 2
1
D, =1+m, (—\/jcos&-ﬂ—%sinﬁ] D, :1+ma(—sin6’)
3 1
D.=1+ ———cosf ——sind -
C ma[ 2 2 DC =1
POULVH 60 — 90 B9AN BULH 90 — 120 89AN
D,=1+m, —ﬁcosﬁ—lsinﬁ D,=1+m, ﬁcos@—lsinﬁ
2 2 2 2 2
D, =1+m,(-sin6) D, =1
D(_‘ =1 DC :1+ma (_Sing)
DULH 120 —150 89F UK 150 — 180 29A"
1.
D,=1+m, £c0s6’—~s1n9 D, =1
2 2
3 5
3 1.
D, =1 D, =1+ma[7cos9—551n9
D, =1+m,(=sing) D, =1+m{?cos€+%sin6
YaULUR 180 = 210 99 YBULYR 210 —240 B9A"
D, =1 D, :1+ma(l§cos€+lsin9
2 2
4
I. .
D, :1+mﬂ(§cos€—2sm9J Dy =1+m,(sin0)
NG 1
D.=1+m | —cos@+—sinf =
C a[ 2 2 DC 1
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M1319 3.7 aun13ALF leAaremnwnmes LI ud s uds sanseuaauagess vl

PAEANRYILUUINY (51D)

LYNLADSUIINY dunsmiluRagnsuadIndiawisenunana
PBULYA 240 — 270 DA VBULYH 270 — 300 DA
D,=1+m, ﬁcoséﬂlsin@ D,=1+m, —£00s9+lsin9
5 2 2 ’ 2 2

D, =1+m,(sind) D, =1

D.=1 D, =1+m,(sin@)

PDULYH 300 — 330 89A7 YDULIR 330 — 360 8971

L.
D,=1+m, —£c0s9+—sm9 D, =1
2 2
6 J3
3 1.
D, =1 DB:1+ma(——E—cos6’+zsm0]
D.=1+m,(sin6) D.=1+m, [——?cos@—isin@}

3.3.2 @UnsadfleAadnsusissuaaIL N ad0 95 A UTDARANILAS L UULARAN

NAINNITILATIZANTNNITHIIUNINLATIAS 192925 VDIFIS 9N T hAAN UL &
A095¥AUBTANANIAALILUUNAAUUTINITNSUOEARNELUgNRES AulANZanIues
a ¢ & 1 A A v | ¢ ) = v v a
ATU0IINNBT AN 9 WnBateslunAaznna LI U Bazunluite 3.1.1
UsgnaunuIsnissesdaunisadnduuurmadiuiiiesanuuuuaz auaANliaIndina 1067
SeanszaaUWaanITEAUTLARANILAEILUULARA YU uUllnaLlng ausieazidun
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ABSTRACT

The rapid increase in Electric Vehicles (EVs) and the subsequent rise in demand for fast charging
infrastructure has emphasized the need for high-performance, efficient rectifiers that adhere to the Power
Quality (PQ) standards. This study's primary objective is to design and develop Three-Phase, Two-Level,
Unidirectional Rectifiers (3P-2L-URs) for 800V EV chargers. These rectifiers are available in Wye, Delta,
and Bridge topologies. To enhance the input PQ and assess the output performance, a control strategy that
integrates Voltage-Oriented Control (VOC)-based decoupled controllers with Space Vector Pulse Width
Modulation (SVPWM) is proposed. Analytical expressions were used for three-phase modulation signals
for each topology and the switching control was designed to minimize the switching losses using a five-
segment switching sequence technique. MATLAB/Simulink was deployed to verify the performance of
each topology. All topologies met the IEEE 519 and IEC 61000-3 standards, attaining sinusoidal input
currents with Total Harmonic Distortion (THD) below 5% and Power Factors (PF) above 99.90%. The
Three-Phase, Two-Level, Wye-type, Unidirectional Rectifier (3P-2L-Wye-UR) exhibited the greatest
output performance with the lowest voltage and current ripples, making it the most promising solution for
high-efficiency EV fast charging applications.

Keywords-three-phase rectifier; SVPWM; voltage-oriented control; electric vehicle charger; power quality
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I.  INTRODUCTION

The global demand for EVs - 13.7 million units in 2023 [1]
- has raised the demand for efficient, high-capacity EV
chargers. The number of slow and fast charging stations
worldwide has grown over 1.77 million in 2021—an 865.80%
increase since 2015. Fast charging, especially using Direct
Current (DC) systems, is important as it significantly reduces
the charging time and improves the energy efficiency [2, 3],
with the operating voltage increasing from 600 V to 800 V [4].
Furthermore, the reduced current, due to high operating voltage
allows for smaller conductor dimensions, thereby reducing the
weight of the EV charger, increasing the charging system's
overall efficiency [5, 6]. EV chargers depend on AC-DC power
converters (rectifiers), can affect the PQ in electrical
distribution systems, and can lead to current harmonics and
reduced PF. This study categorizes the rectifiers into three main
types: passive, hybrid, and active [7]. The three-phase active
rectifiers deliver improved PQ performance through Power
Factor Correction (PFC) and low THD [8] and they can
function in unidirectional and bidirectional power flow modes.
The unidirectional three-phase topology is used for EV
chargers due to its simpler architecture, reduced battery
degradation, and ease of installation [9, 10]. The unidirectional
three-phase rectifiers can be categorized as two-level or three-
level topologies. Three-Phase, Three-Level Unidirectional
Rectifiers (3P-3L-URs) benefit from the lower voltage stress on
the power switches, which decreases the risk of failure. Many
EV charging stations have examined and used the Vienna
rectifier [11, 12], which offers significant advantages, including
an input current THD below 5%, a high PF, and an efficiency
above 95%. However, a significant constraint lies in the
neutral-point voltage balancing method, which requires two
split capacitors connected across the DC link. Maintaining real-
time voltage balance among these capacitors is essential for
steady and reliable operation. Integrating supplementary
voltage balancing control loops into the system increases the
control complexity and may affect the overall system
robustness and long-term reliability. The semiconductor
technology has enabled the power switches to provide higher
voltage and current ratings, increased reliability, and reduced
costs [13]. As a result, simpler and more compact 3P-2L-URs
require only one DC-link capacitor, which effectively resolves
the voltage imbalances and simplifies the control system
complexity. The main types are Wye-, Delta-, and Bridge-type
rectifiers are presented in Figure 1. However, despite the
existence of numerous 3P-2L-UR topologies, a comprehensive
assessment of their suitability for fast EV charging applications
is still needed [8]. Most research on AC-DC power converters
used in EV chargers emphasizes the grid-side PQ.
Nevertheless, insufficient focus has been given to the attributes
of the DC output, which directly affect the battery lifespan and
the efficacy of the connected devices, especially with regard to
the thermal stress caused by the voltage and current ripples. To
address these gaps, this study proposes designing and
developing switching control algorithms for 3P-2L-URs to
facilitate an 800 V EV fast-charging system that complies with
the IEEE 519 and IEC 61000-3 standards. The study also
includes a thorough analysis of the voltage and current ripple
characteristics associated with each 3P-2L-UR topology. The

proposed methodology combines SVPWM with a decoupled
controller that uses a VOC technique to achieve accurate
regulation and improved performance.
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Fig. 1. Topologies of 3P-2L-URs: (a) Wye-type, (b) Delta-type, and (c)
Bridge-type.

II.  WORKING ANALYSIS OF 3P-2L-URS BASED ON
SPACE VECTOR MODULATION

The switching states of the vectors in the traditional Space
Vector Modulation (SVM) diagram are initially designed to
produce balanced three-phase AC voltages. When applied to
3P-2L-URs, which emphasize the transfer of maximum
instantaneous input line current to the output, the switching
states must be appropriately modified based on the current
direction routes specific to each rectifier topology. Each 60°
Voltage Sector (VS) is subdivided into two 30° intervals to
accommodate the alternating dominant phase currents, as
shown in Figure 2. For instance, the highest input currents
transition between phase C (negative) and phase A (positive) in
VS|, thereby necessitating distinct switching states for each
interval. The objective of this study is to obtain tailored
switching states for three rectifier topologies.

A. Wye-Type Rectifier

The operational analysis of the 3P-2L-Wye-UR during the
initial 30° interval of VS1 was performed, employing the non-
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null vectorsl_/; and 172. During this period, the switching states
[1 0 0] and [1 1 O] for vectors !71 and 172, respectively,
comrespond to those in the traditional SVM diagram. In the
event that the reference voltage vector (V.. falls within the
second 30° interval, it is necessary to invert the switching states
to [0 1 1] for V; and [0 0 1] for V.. The null vectors _V;, and l_/;
are used to maintain a zero voltage across the load. This
configuration enables the internal current flow within the
rectifier, thereby preventing the power transfer to the load.
Among the available options, vector l77 [l 1 1] has been
determined to be the optimal choice for achieving the stated
objective.

Vs

wl

"

wt

ot

Fig.2.  Voltage and current waveforms segmented by VS intervals.

B. Delta-Type Rectifier

The present study uses vectors 171 and 172 to analyze the
operational behavior of the 3P-2L-Delta-UR during the initial
30° of VSI1. However, given the distinct conduction
characteristics inherent in this topology, it is important that
each non-null vector containing a logic '1' be converted to '0'.
Consequently, the switching states Vl and 172 are altered from
[100]and [1 10]to[0O0O]and [l 0 O], respectively. In the
30-60° range, further adjustments are necessary: the switching
states l‘/‘1 and l_/; should be altered from [0 1 1] and [0 0 1] to [0
1 0] and [0 O 0], respectively. The null vector 77 remains in
use, with its switching states being defined by the angular
location of f/‘ref, transitioning from [1 1 1] to [1 0 1] during the
initial 30°, and to [0 1 1] during the subsequent 30°.

C. Bridge-Type Rectifier

The switching states of the 3P-2L-Bridge-UR diverge
significantly from the traditional SVM diagram. In the initial
30° of VS1, the switching states ¥, and ¥, must be altered from
[100]and [1 10]to[0O0O0]and [0 1 0], respectively. In the
following 30°, the switching states continue to diverge in
accordance with the established pattern documented in the 3P-
2L-Delta-UR. It is important to note that, despite the fact that
vector 177 is the assigned null vector, its switching state must
undergo an alteration from [1 1 1] to [0 1 1] during the initial
30°, and then to [1 1 0] for the subsequent 30°. The analytical
approach employed for the three topological types of the 3P-
2L-URs can be systematically extended to other VSs. Table I

presents an extensive list of the switching states for the Nearest
Three Vectors (NTVs) corresponding to all VSs.

TABLEL APPROPRIATE SWITCHING STATES OF THE 3P-
2L-URS BASED ON THE SVM DIAGRAM
VSs All’yeol' SVM Appropriate switching states
Voot vectors | Wye-type | Delta-type | Bridge-type
V(100 | [100] [000] [000]
0°-30° | %[110] | [110] [100] [010]
i :,[lll] [111] (101 [011]
v[100] | [011) [010] [010]
30°-60° | V,[110] | [001] [000] 000]
AR N 011 [110]
v10] [ 001 [000] [000]
60°90° | w[010] | (01 001] [100]
5 12[111] [111] [011] [110]
Z(110] | [110] [100] [100]
90°-120° | %[010] | [010] [000] 000]
V(1 11] | [111] [110] [101]
v,010] | [010] [000] [000]
120°-150° | Zo11) [ [011] 010] 1001]
3 :7[111] (it [110] [101]
0101 | [101] [001] 001]
150°-180° [ #[011] | [100] [000] [000]
FATRETH TN [101] [011]
V[011] [100] [000] [000]
180°210° | #[001] | [110] [100] [010]
q [ATRETH Y] [1o1] 011
V011 [ o1 [010] [010]
210°-240° [ ij001] | [001] 1000] 1000]
G111] [ [111] 011 [110]
V.[001] | [001] 1000] 1000]
240°270° | V,[101] | [101] [001] [100]
5 lz;[lll] (i o1 [110]
7.001] | [110] [100] [100]
270°300° | ¥,[101] | [010] [000] [000]
V11 | i [110] [101]
v.101] | [010] [000] [000]
300°-330° | %(100] | [011] [010] 001)
B AT [110] [101]
Vo1 | noi 001] [001]
330°-360° | 7[100] | [100] [000] 1000]
AT T (1o 011]

III. COMMAND SIGNAL GENERATION USING THE
SVPWM TECHNIQUE

The present study uses a control method to minimize the
number of commutations in the Controllable Power Switches
(CPSs) of the 3P-2L-URs. This is achieved by reducing the
switching losses and improving the overall rectifier efficiency.

A. Five-segment Switching Sequence Technique

A five-segment switching sequence technique is used to
minimize the switch commutations per phase leg. This method
organizes the switching states of the NTVs within each VS, as
specified in Table I, with the objective of enhancing the
commutation pattem. Specifically, when the l_i,ef is situated
within the initial 30° of VSI, the designated switching
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sequence for the 3P-2L-Wye-UR is: 177—' l_/'z—> I_/; =¥ l_/; - I77,
as shown in Figure 3 (a). The corresponding sequences for the
3P-2L-Delta-UR and 3P-2L-Bridge-UR are presented in
Figures 3 (b) and 3 (c), respectively.

VLW W
[111] ¢ [110] ! [100] L [110] ¢ [111] !
s i i i .
Sy H
T
@ Si : t
Sc *‘ ; 1
t 6o 4 R
W A i T
Vi I%l % %V
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®) : i i ; 3
Sp ' i i i i ¢
1 i i
1 I'— ] i i
Sc ! 4 i t
h i b b B
2 20 2 T 2 4
W iml % |99
[000] | [010] ! [011] 1 [010] ! [000] !
i i i i |
st S S
© Sa ~ - E 7
i i i
' I I i i
Ky | | 1l ,
14 : L ! L ! 15 ! 4] H
2t —F e
Fig. 3. The switch driving signal sequence diagram within the first 30° of

VSI1 for different rectifier topologies: (a) the 3P-2L-Wye-UR, (b) the 3P-2L-
Delta-UR, and (c) the 3P-2L-Bridge-UR.

B. Expressions for Three-Phase Modulation Signals

The mean value of Vref is determined by means of the SVM
approach, which is predicated on the volt-second balance and
the switching period (7). For instance, when the I_/;ef is
positioned within the VSI, its volt-second balance and T
equations are:

=

VierTs = Vltl o I_/'ztz + WTo (1)

(2)
where Ty, is the dwell time of the null vector, including the total

duration of t, and t,, and t, and t, are the dwell periods for

vectors 171 and 172, respectively. The dwell periods of non-null
vectors for each VS are:

Ts=t +t,+Tp

. TS n(3-VS)
tys ] - e 573 [cos@ 3)
tyss1 @S Sin"_“;”) OS"(V—;‘I) sin @

where m, is the modulation index, which often fluctuates
between 0 and 1, while € specifies the angle of V,.¢. The
present study calculates the modulation signal equations as the
ratio of the entire conduction duration of the CPSs in each

phase leg to the switching period. The conduction time is
derived by calculating the mean of the dwell periods of the
synthesized NTVs. Due to the varying switching states present
in the 3P-2L-UR topologies, it is necessary to calculate the
modulation signal expressions independently to ensure their
accurate representation. For instance, when the I7,ef is located
inside the initial 30° of VS1, and the five-segment switching
sequence is implemented, the modulation signal equations for
the phases A, B, and C (ma, mp, and mc) can be obtained for
the Wye, Delta, and Bridge topologies using:

my = (t; + t,+t;) /Ts,mp = (t,+t,) [T, me = t; /T (€]
my = (ta+t7)/Ts,mp = 0/Ts,m¢ =t /Ts %)
my = 0/Ts,mg = (t,+t;)/Te,me = t;/Ts (6)

In the advancement of the SVM methodology for the 3P-
2L-URs, the dwell time f; is equivalent to 7, and this
formulation can be generalized to derive modulation signal
expressions for various intervals across all VSs. This can be
accomplished by modifying the dwell time equations in
accordance with the five-segment switching sequence pertinent
to each sector.

C. Generation of Switch Control Signals

The generation of switch driving signals for the CPSs of the
3P-2L-URs across all three proposed topologies in this work
relies on the comparison of the produced modulation
waveforms with a triangular carrier waveform, adhering to the
SVPWM approach. For instance, when the m, was set to 80%,
the resultant A-phase modulation waveforms were compared
with a 1 kHz triangular carrier waveform, as portrayed in
Figure 4. The results indicate that the resulting switch driving
signals display discontinuities; specifically, for the 3P-2L-
Wye-UR topology, the switch driving signal remains clamped
at '1' for two 60° intervals within each cycle. In contrast, the
switch driving signals are restricted to '0" for two 60° intervals
in the 3P-2L-Delta-UR and 3P-2L-Bridge-UR models.

(a)

(b)

()

2r

Fig. 4. Example of proposed switch driving signals in the A-phase of the
3P-2L-URs: (a) the 3P-2L-Wye-UR, (b) the 3P-2L-Delta-UR, and (c) the 3P-
2L-Bridge-UR.
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D. Decoupled Controller Based on VOC Techniques

As depicted in Figure 5 (a), the VOC technique is a widely
employed method for regulating the voltage and enhancing PQ
in AC-connected power converters. The system operates
through the conversion of variables from the three-phase
stationary reference frame (abc) to the rotating reference frame
(dq), thereby reducing the three control parameters to two. This
simplification enhances both the control design and converter
integration. This study uses the VOC approach to manage the
active and reactive power on the AC side of the proposed 3P-
2L-URs [14]. This method ensures consistent output voltage
regulation and enhanced input PQ. However, the presence of
input inductance leads to disparities between the grid-side and
rectifier-side parameters, hence inducing coupling between the
d- and qg-axis currents:

(@)

di, 2
d_d: = (vds = Va; + wsleqs)/Ls

di, .
d_q: = (vqs — Vgi + wsl's lds)/Ls

®)

This cross-coupling has the potential to hinder dynamic
performance, so a decoupled controller is used, as displayed in
Figure 5 (b). The proposed architecture includes three PI
controllers, which regulate the DC-link voltage (va) by
contrasting the measured voltage with its reference (v4*) and
producing the reference d-axis current (is*). The secondary PI
controller functions as a current regulator, overseeing the d-
axis current component (iz) through the management of the
discrepancy between the measured and reference values (iz and
igs*) to yield the associated reference voltage (va *). The third
PI controller is responsible for regulating the current loop by
adjusting the g-axis current component (i,) to a value of zero.
This process ensures the functionality of the PFC by generating
the g-axis voltage reference (v, *). The equations providing the
delineation of the attributes of the PI controllers are:

igs" = Kp1(Vac" — vac) + Kix JWae™ —vg)dt  (9)
Uds‘ = Vgs + stiqs - [sz(ids‘ - ids) F
Kiz [ (ias” — ias)dt] (10)

Vgs" = Vgs + WLsigs — [Kpa(—igs) — Kiz [ (igs)dt] (11)

The gains of the PI voltage controller, K,; and Kj;, are
determined through the usage of the DC-link capacitance (C.)
and angular frequency (@;), with the damping factor (¢) set at
0.707 [12, 15], as:

Ky = Cheéw, and K;; = 0.5C, §w; (12)

The present controllers are characterized by two key
parameters: K, and Kj>. These parameters are derived from the
input resistance (R;), inductance (L;), and a control bandwidth
(@i):

Ky, = a;L; and K;; = ;R (13)

IV. RESULTS AND DISCUSSION

A series of simulation tests was performed using
MATLAB/Simulink to assess the feasibility of the proposed
control approach and evaluate the reliability and performance
of the 3P-2L-URs. The critical simulation parameters

employed for both the rectifier topology and the control
strategy are presented in Table II.

\ R, Lo,
1 R L .
Q2 AAA-o—o—g~o—"H 3p.2L-URs z'}“]- Losd
: fresryre—) 7
AANA-o—o— g yo——
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" 2

SVPWM
Var® u.-]x,.‘

PI Current Controller

vVl s .,,,L
Decoupled

Controller [

K> vt
(b)
_ +< | i B + ]
ot >4 K, va
=i %)
PI Voltage Controller PI Current Comtroller
Fig. 5. Overall circuit architecture of the proposed 3P-2L-URs: (a) a

decoupled controller with SVPWM on a proposed rectifier, (b) the control
structure of the decoupled controller based on VOC techniques.

TABLE IL SPECIFICATIONS OF PARAMETERS USED IN
THE SIMULATION
Parameters Symbols Value
Output power Pz 60 kW
Source voltage (RMS) VoiiViai V. 230 V
Grid frequency f 50 Hz
Switching frequency b 12kHz
DC-link voltage Vi 800 V
Input inductance L 5 mH
Input resistance R 5Q
DC-link capacitance Cyc 2200 puF
Voltage controller K,y 0.00027
Voltage controller Ky 0.017
Current controller K, 67
Current controller K. 1.7 x 10*

In Figure 6 (a), the A-phase input current waveform of the
3P-2L-Wye-UR exhibits an almost ideal sinusoidal shape, with
a peak amplitude of 160.40 A and a THD; of the input current
measured at 3.89%. The present waveform is in phase with its
associated phase voltage, signifying PFC operation. In Figures
6 (b) and 6 (c), the A-phase input current waveforms for the
3P-2L-Delta-UR and 3P-2L-Bridge-UR topologies are
presented, respectively. In both topologies, the input currents
are sinusoidal, in phase with their respective phase voltages,
and exhibit peak values of 16030 A and 16040 A,
respectively. The relative THD; results are 3.76% and 3.92%,
respectively. Figure 7 presents the DC-link voltage and current
waveforms derived from the three topologies of the 3P-2L-
URs. In Figure 7 (a), the 3P-2L-Wye-UR configuration
generates an average DC-link voltage of 801 V, accompanied
by a ripple ( dvq) of 15.50 V. The resulting average current is
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75.50 A, with a ripple ( 4di4) of 1. According to Figure 7 (b),
the 3P-2L-Delta-UR generates an average DC-link voltage of
797 V, displaying a ripple (A vq) that is 4.00 V greater than
that of the 3P-2L-Wye-UR. Notwithstanding the mean current
of 75.50 A, the heightened voltage ripple gives rise to a
marginally augmented current ripple ( 4is.) of 1.75 A. As
illustrated in Figure 7 (c), the 3P-2L-Bridge-UR demonstrates a
noteworthy performance, attaining an average DC-link voltage
of 804 V, accompanied by a ripple ( dvq) of 17.55 V. The
average current registered at 75.20 A, while the ripple current (
Aig) was recorded at 1.70 A.

400
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Fig. 6. Comparison of input voltage and current characteristics of the 3P-
2L-URs operated under the proposed control scheme: (a) the 3P-2L-Wye-UR,
(b) the 3P-2L-Delta-UR, and (c) the 3P-2L-Bridge-UR.
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Fig. 7. Comparison of output voltage and current waveforms of the 3P-

2L-URs operated under the proposed control scheme: (a) the 3P-2L-Wye-UR,
(b) the 3P-2L-Delta-UR, and (c) the 3P-2L-Bridge-UR.

Table III shows all three topologies of 3P-2L-URs in
accordance with the international PQ standards. The THD of
the input current is maintained below 5%, while the input
currents are in phase with their corresponding phase voltages,
thereby achieving a unity displacement factor (cose = 1.00)
and a high overall PF of 99.90%. In the context of EV fast-
charging applications, specifically 800 V EV chargers, the 3P-
2L-Wye-UR displays the highest VR accuracy, attaining a
negligible deviation of 0.13%. Considering factors, such as the
battery longevity and the efficacy of the connected devices,
which are significantly influenced by the DC voltage and
current ripples, the Wye-type topology also exhibits enhanced
performance. The configuration produces minimal voltage
ripple (4va=15.50 mV) and current ripple (4iz=1.50 mA),
succeeded by the Bridge-type and Delta-type topologies, in that
order. The findings indicate that the 3P-2L-Wye-UR topology
is a viable solution for high-performance, grid-connected DC
fast-charging systems.
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TABLEIIL COMPARISON OF INPUT PQ AND OUTPUT
CHARACTERISTICS FOR THE PROPOSED 3P-2L-URS
P . 3P-2L-URs
Symbols of sy Wye-type | Delta-type | Bridge-type
THD, THD of input current (%) 3.89 3.76 3.92
cos(¢) Displacement factor 1.00 1.00 1.00
PF PF (%) 99.92 99.93 99.92
VR Voltage regulation (%) 0.13 0.38 0.50
AVie DC voltage ripple (V) 15.50 19.50 17.55
Aig, DC current ripple (A) 1.50 1.75 1.70

V. CONCLUSIONS

The present study offers an examination of the design and
development of 3P-2L-URs for 800 V Electric Vehicles (EV)
fast-charging  applications. This examination uses a
combination of Space Vector Pulse Width Modulation
(SVPWM) and a decoupled controller based on the Voltage-
Oriented Control (VOC) technique. A thorough investigation
was conducted on three topologies: Three-Phase, Two-Level,
Wye-type, Unidirectional Rectifier (3P-2L-Wye-UR), 3P-2L-
Delta-UR, and 3P-2L-Bridge-UR. The focus of this study was
on three key areas: operational functionality, modulation signal
formulations, and control strategies. The control technique
efficiently enables the production of proper switching signals
through active and reactive power regulation in the dq-axis
frame. The simulation results indicate that all three rectifier
topologies comply with the IEEE 519 and IEC 61000-3
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