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ABSTRACT

This research introduces the design of a discontinuous space vector pulse
width modulation strategy based current controller in the dg synchronous frame for
grid-connected three-level T-type inverters.. The suggested methodology aims to
improve output power quality and minimize switching losses. The modulation
technique employs three nearest voltage vectors with a five-segment switching
sequence to provide suitable switching signals, therefore substantially reducing the
number of switching transitions. This reduction significantly decreases switching power
losses and heat stress-on power equipment. Furthermore, to enhance the quality of
the output power prior to erid injection, a DQ synchronous frame current control
system was developed utilizing proportional-integral (Pl) controllers to independently
and - accurately regulate active and reactive power. Simulation results  from
MATLAB/Simulink- indicate that the proposed method can decrease the average
number of switching transitions-by about 33 in comparison to traditional continuous
modulation. In addition, the current's total harmonic distortion (THD) is lowered to less
than 5%, meeting IEEE 519 specification. Additionally, the system maintains DC-link

voltage balancing with excellent stability, which enhances power quality and overall



performance. Consequently, the suggested approach is appropriate for grid-connected

inverter applications inside renewable energy systems.

Keyword : Three- iscontinuous space vector,

dg synchronc
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AMNUsENaU 2.18 N1SUINTLHAVDIEIATURINGURNADSVUINNAN (Vo-Vio)
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0 -1 1
C; =V Sc.-
— e @ %o
™
S H @
b
0] * e o}
Va‘('__ m— ¢’ 5

c '\._co

1 -1 0
C =V Sq
—® - “o
®
Sb e
@] ] . ba
Va‘('____ | o
SC ® ¢
o o—0O
C; — Ve P

() nqunIAWBIILIANATY V5 [1-10]

aMmUszney 2.19 Mstnseiavesainduasngunninesuuinnais (Vi-Vip)

TuviusafeInuy AmBsLIRUY Vg tnangauy [0-11] lnedaa a daiusesuy
Aug e b = <0.5Vdc kagila ¢ = +0.5Vde aanmUsenay 2.19(n) duninnasuseny v,
R nannue [1-10] lnewd a = +0.5Vdctild b = -0.5Vdc wagila ¢ = 0 A nusznau

2.19(%)

AMNUTENOU 2.20 D9 2.22 WAAINISVINNIUTBIaULIBS IRBs s AUiaTl 1D

nnwasussrueg lungunmesvuialuvg Jeusznaudigiiniaesimun 6 47 laun
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Vs — Vg Tnsnnmeslunguiflfoumausafuasiivindu 2vde/3 auauifivesnnmesnguid
AonsiAuswiumag ANy +0.5Vdc 1130 -0.5Vdc wagBnuilaladiausadunsady
dawalilnmesussiuiduanevilddaunlngfgailelsufisuiunguiinnesau 9
a0uzveINgUnINMeIW IR gdIsad kN I 6 JULUY

AMSURNPDINTINU Vi AR naniuy [1-1-1] lnedia o dAusenu +0.5Vdc
veug e b waria c dAuseau —0.5Vdc Aauansluninusgnau 2.20(n) @1uLinines
WUV, mennaanuy [11-1] Inevwnd a wavwa b SAuwseau +0.5vde Tuuz e c

TAwsenu —0.5Vde sanansluninusznau 2.20()

1 -1 -1
C: ==V S,
—® [ aO
'Y S
b ® b
(@) ® ® o]
Vie==— >
s. b
e _eo—0O
C; =— Ve 1

1 1 -1
C =V S,
— 8 e %o
'Y S

b %
O J . bo

Va‘t‘ p— L ]

S b c

C? —— Vd(o ‘ f

(v) nqunmasvwIAlvg ¥, [11-1]

AMMUTENDU 2.20 NFUINTEHAVDIINTVDINFUINNBSVUIN NG (Vis-V1g)
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NNABSWSIAU Vis LAnanaaug [-11-1] Inawd a wagia c dausesu —0.5Vdc
YNNG b TAILTIAU +0.5Vdc fanandlun1nyusenau 2.21(n) YeusAINADSUIIAY Vg
WnnanIuy [-1 1 1] Gevinliing a Jauseiiu —0.5vVdc wagina b sIuDang ¢ dA1isesu

+0.5Vdc Aananslun nusgnay 2.21(2)

-1 1 -1
C;, =V S
— e e a5
¢
o] Sb: & ® bo
Vie—==— °
Sc ® c

C: — Ve ‘ o~

(n) naunnwesvwInvey ¥, [-11-1]

-1 1 1
C; ==V Sa a,
s
o) sz “'\= bs
Vie—— o S
‘e T
C: =— Ve " e

() naunnwasUWInne ¥ [-111]

AMUIENDU 2.21 NISUINTLHAVDIEINTUDINGURINNDSVUIN NG (Vis-Vie)
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-1 -1 1
C; =V Sc.-
—® f/' “o
Sb 4 b
Vdr_'____ © ¢ lf * 5 ©
o '\._co

Cz — Vdcz .

(n) naunnwmesvwInig ¥, [-1-11]

1 -1 1
C: Vi S
— e 25
™
S H @
b
0] * . o]
Vdr_'____ | o 5

< ® .'\Q—CO

Cz — — Vdcz .

(W) nAsINMETUNALY ¥, [1-11]

AMUNDU 2.22 N13UINTEUAVDIEINTURINGUNINNDSYUIN IR (Va7-Vig)

Tusiueafeny AWSIIWU V,, ininaatus [-1-11]) lnadala o waging b
TAseiy -0.5Vde Turagiia ¢ AR +0.5Vdc AsnUsenau 2.22(n) @aulinines
WSSO Vyg tARRINEaUE [1-11] lnetaiwa a taging ¢ JA1useny +0.5Vdc vausa b 3

ANLSIAY —0.5Vdc Aanndsenau 2.22(%)



28

2.3 MinuauaAlsEnaunszudliuumsunfauaaananfa

Yaa

N15AUANANAINAIE LN AUl N A veId UIesIes9EldITn19AtUAL
psAUsznounszualyliihuusedouiaeunafia vug1unsUszgnAlEIsnsaunNsie
IS n13dnusunsediu (Voltage oriented control 3 VOC) wiedideuiioniinisaiunuisasy
wuuLnmes (Vector control) Lﬁaqmﬂmé’ﬂmamuqmﬁ%mﬁ’amiLLUaaLﬂ/\Iiué’NéﬁﬂUm
sEwinusuE1eBseg fuiania (abe)uilsudred andouiiaesia (dg) Fafusuusves
szuulaihanamafaanasvdewiiosaosauy sty dwalfnsoonuuuuagnisniununis

YI91UY9ABUIBSMBSANNNTAVINIAIE kAT AL AINTU

g lsAny nsuvadluinsgwinasudedsegiufiannma (abe) Fuinsagnads
L8 ouTl do g (dg) A DIFUINNINNTENIN9BIAUTENBUNTEUEAS UUULNUA (x,) U
DIAUTENOUNTEUEER UUULAUDS S (xa)?fﬂumajﬁjwmaﬁmmaumﬁuﬂ%m l9dee 6, 1ag
a3 lANANTInKI I UYBITTUUNIAdataLa N siUawm sulieglugUinsudneds

agiuiiaend (ep) anntuidddaunisnwelulimwinmyuvesusiiunsasoly

0 =tan -+ (2.1)

Tnefiasnusenauussulninseraaduuunnuase (v, ) wagesausenoulsanului

NIPLATRUUNLNIUANIN (vp) MU INgluauns (2.1) @unsanlanail

v, = O.667(va =0.500v, =0.500v, ) =V,

v, = 0.667(0.866v, ~0.866v,)=0.577(v, +2.000v,) (22)

aun1s (2.2) wanalmnuleediataauiNsnsiagldiiesasrUsenaunseiaasu

anuauuLnusae (v,) wazwnuwlad (v) windu Feuseleviniulaegsdniauinedsnisi

[

Lidndudesinussiuvesssuuniabunad vislinsaiuaumedsnsinusulsudmsuneu
LRSI aNABTEUUNTA Aakanslunnysenay 2.6 e RENITLURILTIA LAY

nszualiimeiuligeudessuuninvatnauIesnesgseglumsuegfunaiuma (abe) U
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Jusudadundouiiaennd (dg) Inefiduusvesswiusaznszualnivisasanalumsy

2 =

"duafeuiaaa(dg) 1 axnsadiunmameruseneumanenivl uazesrusenay

(%
[ v a

Aasshanfinvesszuulninnsyuaaduaniale sail

3 00 .
Ps = E (vdslds + Vqslqs)

3 (2.3)
Qs = 5 (vqs ids - vdsiqs )

£%
LY

9INANNTS (2.3) wanslimiiuIIN13IUANAIBIENTTRUTULSIAUTaIRUTZNOUTBS
o o a Y v O = A o w ~ o w a AN a P
MaRzkendaseaInNiu AudsauisanagaIuaAuiawe niinlazma s uoniinndewdn
N9 U LT DUABTZUUNI AL DY ATEINNN U UN Y IR AN AIAUALALINLADS bTIAUN
wdeufiogluadeasszuunia V1 9iuiuesdusznaunssiunIauuwnud Vs tnefivuin

LSIPUYDITEUUNTAAL LAY AUTUNIABDIAUTENDULTIAUNTAVULAUR Vg 22157

v, = Vi-vy =0 (2.4)

wWNUaNNIS (2.4) asluauns (2.3) agla

R = Evdsids
2
3 (2.5)
Qs = _Evdsiqs

Y @ 1 o w a
91naun1s (2.5) wasdlviiudnniasueninuasszuvaiunsomvaulalaenisaiuay
¢ . Y a = a2 o & = v
9IAUITENDUVDINTERAUULAUA (lds)TQQLV\liﬂJE)NE)\‘]LﬂaEJUW %Qﬂﬁﬁﬂﬂ'ﬂUﬂﬂJﬂi%LLﬁugﬂﬁiN
NFIAIUANILOUDIGUNTATUANLITIFUNTEUART (v, ) WUNUIEANNITUTIAUAULDIANS

YDIABULIBSLABTAINITAIUANLAIINNITAITUANBIAUTENDUTDINTLUAVULNUR (7, ) LB

3

& o ! o 4 L3 a . = I [
UONAINLTINUTMINEIN IOV A DA UTLNOUUDINTZ LA UULAUA (lqs)?,Jﬂ'WL‘IJUQUEJ Ns

Yo wa = 1% a s e 1 & v = o § v =~
daralmassueaiinnieinussuunsavespeulesinesiAnduaudlumey daagvilvisyuud
AIUIENRUMAWYINAUNTaNULEY dmTUNITAIVANBIAUTENDUVRINTELAUUWNUA (i,,)
LaYDIAUTENBUVDINTEUAVULNUAL (7, ) Vouvlsussdunfiouiianansamvualacieaunis

fasalul
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*

L (2.6)
15y, '
N | 4

i =

® o —1.5v, @7

2.4 U eMNYAVD

Tuan wazAne (2021) [21] livinnseenuwuuiasAIvAuBuIeswasaumaviini
uni1ae 15 Aladnd lneldgunsalaindviln Reverse-Blocking IGBT (RB-IGBT) & a1du

a s v 1

welulafaindidssulninnuisy Fuj Blectric Aiianuanunsalunisufonussduldis
aosfiamng wardinsgdendsuarnnsaindiindy IGBT uuududu wazilaseadne
Usznaumegunsalaindingsdiuay 12 d ngluudasvinaaninsaasnusiula 3 sedu
wazlviusaiuseninangld 5 seau iy Tudiuvenisaiunussuy §33eldoanuuuies
muAunsziatazuswilleglusULuukendasylunseusadauuufim el vaunsaniuny
dsluihuendin wasidslwihoniinldogiausiug Tngldmemunuuuudleluisaoauny
dmunisasndygunisuegan gIdelaldinadanisueguadusuuletinauesusiinduiu
an Gerreiumsliussiudanseuanseldodnsiivsy@viam lnsanmsafinsviueguadu
I¢gefia 1.158 wihwesiBuuudaiu dewaliannanasiussdueinngedulaglisniudos
dausauliidhudune Hedshannninenuednddusifiduaumnvonisgaudelu
$2UU nanavAdey WU Suradiwosiiiauntumunsaviauldogieiafiosnmilusady
600 Taag Iusaduiandnauiaay 220 Taad fiaa1ud 50 18504 Tneddrnnudieusiued
AsIMVRINTEMALTEY 2.7% LagilUsEanBnImsInvesszuTINNI1 98% Waagneldantie
Tnandurids venanfussiuvuiafulszgaes Santauaatufivszana 280 Tadse

119 UARIBNNITINYIAUn AT IUlADE19R

Artal-Sevil wazAmy-(2019) [22] lavitnnsAnwinisussendldinatanisusniady
wuuwadnirsuuulideriles dwsudunesinesamssivrinnisqaima (Three-Level
Neutral-Point-Clamped Inverter: 3L-NPC) wuuideusiafuszuunin lneiinguszasdiile
WaUIWWINN1sAIuAUMA Tl uandin (Active Power: P) uazndaluWr3uaniiv

(Reactive Power: Q) ianunsamuaulaeegedasy niounsannisgaydendenulugunsal
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ansniein wazusuussnanmesndsauliinluszuulalasnia uazaunianislunuide
aanandlaeiurgidilamasunateseau (Multilevel Converter) Tngianizlasaasia
wuusisandanta fdeffoaunsnsuiisgdunssiugaldlnefaamiuilousiueingy
(Total Harmonic Distortion: THD) #3181 3091805wUtdess2fU (2L-VSI) widanadteym
M3gaydisnnnnsdind warnshnszud dedawasioUszAnsnmlasiuvesszu Tnslaniy
TunsdlfinanliasinaviefidnvauzliiGudu Jafnmuluszuulilasniaussiud iean
Todninnanan gideldiaue nagnsnispivauiadlnitlunseudeBauuddasia a1unse
wenn1sAIVANMaI L Twenivluagiueniinliegnsdase lnulasasanuauusenaume
AamuANLUUEAdIu-Buiinga (Proportional-Integral: Pl Controller) 5ufisasasdania
(Phase-Locked Loop: PLL) ifteliiAnnns@diastudfiuuseiunia nanissassdaelusunsy
Matlab/Simulink Lansliiudnssuyansasnuiusaduidineglurinsi nfousne
Masliindseniiviiigniauasvagemdssueniinlaegnaiios ludiuveunaianisue
avatu §33glainisiuTeuliisuusgansmusenineanisuegiaduAunIavadiuugey
way nMsueglatumunetaduuuliseiies lnsnanissrassnuimmedauuulsiseries
ausaandIuIunsaInduetaunsalldussuna 1/3 seseudyyias ilinisgaydeainnis
dndanasegislituddydoeudusuuiiu V’?ﬂud’summwﬁamquﬁmmLLazmaﬂizmﬂ

anuSeulugunsaiaing lneemzlugunsalaindiuuureandunesnesiiugningsues

NGO UNANY
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ATAHUNISIAY

UNTUILEUDUINNITHAIL LA EDDN WUV TAS NE U UAIUANNITIUVDS

g q

AINTNANaUU LRI IF NS UB LB BTAUTEAUTTANUNNUFIUIS NSUBALaRNLT 98U

%9 Y

g3 Tsfuluifnnsdanszinnmesussiuddaannininesiseiuiieglndiignan
i neluusagiufianwdsudes veaununminmodussiu 38nisfivnauslunuided
satiunsadnaunsiilefauuulisadles dmsumuaunsiuvesaiadiddluudas
wavesdunesinesausiy lngeduguuuumnsdifunnmesi st uLuuTEnL e 39
gneenuuulimnzantusumiadauveainnosissiudrddundasisnines el
\Raussfunadnsianmns ananudlunisaind uaziinuszavsamlunisauruusiuuas

NSLLAYRIDUNBSINSIaRLARNUSEUUNSA

3.1 mMsuUaansudnedstisvasssuvaumaussuvaaaa

Asulaassugnededwinssuvanuladussuvasaladuiondt nsulas
abc/af iietheglunisandiuusvesaunisanasiauUsinasuAde sauUsviny denald
AnANELAINTUNITIATIZIRAZNITAIUIN AFDAIUNITASNKULTIADILAITNITAIUAY
mMyadndvesdunesawssauriad annmUszneu 3.1 wansssuvaIRlauwsIE 1989l
Wisuifisuiuszuudoaauuisus19898e Tnefiunuing a (a — axis) MTUULLAUDSS
(a — axis) LATLNUIUANIN (B — axis) Feanfunnuase aunsesrUseneunssuaaduly

SEUUADLNAVUWSUS1989T9 @115 ulnlafIaLNIg

PP — .
e

nUsEnaU 3.1 Nshuasnsud1edstaresssuvanuwaiduszuvas e
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[x“] _ 2 | (3.1)
ol 3, V3 - VB[
2 2
o
Xq = X Sin(wt)
) 21
Xp = Xy sin(wt —?) (3.2)
) 2m
X = Xy sin(wt + ?)
ey

X,, ABANgaaR (Peak value) o453
w AD ATNEININY WD

t ABLIANTIVEUY

3.2 N15ATITHNEUNISIAINTTEINTVINLADTHS U TULRAIINLA S

NSRIINLADS UTIAUD 19D S (I7ref)%mﬁ’aaeﬂfmaslulfmLmaﬂm%mma{ﬁﬁﬂu
franalanamils wavaunsaUsznaaililnensudaavesanmesusiiuausiilng
fanluunainnnesussiudisddlunneg endodrdluwnines 1 fmansnmusznou 3.2
NINLINLADIUIINUD19DL (Vrgr) i oudtluanluiiuiinuneias 1 e1fendnnisdaasisn
L’mmaﬂmé‘fuamﬁaﬁiﬂé’ﬁqm Iuﬁﬁﬁanﬂmaﬂméfuqué V, haglinmesauinan 7, way

7, 1001 7 =0, 7, =2 ag T, = “% (cos %+ j'sinZ) Aruansmldidiail
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MNUSLNBU 3.2 WNLADSNNT

— —

VT‘efTS = Z[tB]_Vl + t0V0 + tA1V2] (33)
B tas AiD Y19Ia1N15ENATVBIINABSUSIAU V,
t D 9298INNSERATURIINABSUS I T,
ta D WIUWIANITEINTVDWINABSUTINY V;
T, Mg AULIREY (Sampling period)

dmsusiegnallanunsamleain To = 20t +to+ts;]

971 (3.3) FmMsunaunseglueIdusenaulnuaTe (o -axis) WazuNUIUANIN( B -
o X
axis) MU

¥ T |/ V T
TURER s g =
—8 coS 9 = — t + _— t COS — .
5 Vref 3 BT 33 oo
2 TS . Vdc T W
LAUIUANIN > Vrep sin 9 = = t,q sin 3

210 (3.4) ¥MN1SuAaun1s ¥l udaunIs¥19aIN15aI Nt INLADS hIIRU
Vo, Vy waz V, siail
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( 3Vref ref
tgy = T 0 ————Tssinb
b1 = 5y Ts C0s 2y, Tssin
Ts  3Vrer V3Vier
Yto = " ZI;:C Tg cos 6 — T;TS sin 6 (3.5)
V3V
tyr = ——Tssin@
a1 Ve s Sin
io o ADYUVBAINIADTUTIAUSNBY (V,of)

Wag Vi AouSIRuaenlednsslansenudunnvesduiesnasausyau

yiinn39ntmsa

Mndupeunsiiengiiiemaunisdisiansainduesaninesussdy wuind
Snvasnoudrdudou (losndoasududaenisnannesusiiusids (Vo) 9INAT3
Fuereinweiusaiulmivnads foilvinszuaunsdunfianugenuagldiaiunn
diovdadeoddadenan Fslddneiamaunisiludulaeedofiugiuainaunis (3.3) -
(3.5) Sqummimi’mﬁmgﬂimﬂﬁaaﬂugﬂﬁmmim%’ﬁm’msﬁmL’ammia'im? tan, WAY tpn
dmsunninesle fafiuansluaunis (3.6) - (3.8) Tediilanduvesaunisivaue fo
ANLANTAlUANIAWINTTIaINIaIndrRINma sk TIRUlAn AN e tngldiies
ﬁi’famuawmmasusuaqmﬂLmas‘ﬁnﬂmaiwwﬁ’ué’w@qmﬂa@mﬁu 1087 N=1,2,3,...6 WNUNLNLLET
Yodufaziennes dsthsananududouresnsiinsgiadldoiamnn uazdeinliaansa
ihluszgndldlusanesiunisueqiandsausinmesideg1sazaan viad nsduan
Pnamsaintannsoutsesnity 3 nsdivin ausundmesinineussfugasluiiug

¥
§ v

UDUUDILAALIGNLADT A9

3071 1: WelNMasWTRuR1989 (V,0p) tesounlunnagluiiuiigesmneian 1 vas
VNwAmes Fatanisaindanunsaswinldainaunis (3.6) Gulunsdenldinmesaud
(Zero Vector) SaufunmasyunaLan (Small Vectors) filndiian tialvinisas1enanludadl

AuauInsiazann1sUaleirasgunduussiiuesing
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in(1 )n 1 )n
sin(1 —n)= cos(1—n)—
3 3 [COSB] (3.6)

tAn]
=m,T.
ass sin @

s T
sin(3 — n)§ cos(3 — n)§

N = s v Y oa = = = o X A
307 2: WBNWMETISINUE1EA (V) inFeunlunnagluiundesvuneiay 2 vas
e aldauns (3.7) lunismeamaaiainisadad lnalunisdeninnesusaiun
Us2NaumelIninesvuaanaedfilas unwesLANa el Jeeiiunnusaiiowes

I

nswWasuaniueaintuavannsagdeanmsaindnlidndy

s I
sin(6 —n)= cos(6 —n)—

3 2[5 + 051 (3.7)
sin(4 —n) 3 cos(4 —n) 3

nsdif 3: Wonnmesussiudneds (7..,) indeuiilumnegluiufisesvansiay 3 uas
4 vasvnisnned axliaums (3.8) lunsdun lnensdliazerdomanaunausening
namesvLARANAUNne faue ilasuswiue e RlndlAs funMADS LTS5BS
1niign aﬂﬁ'ﬂgﬂ‘thﬂ%ﬂ‘lﬂ’]ﬁii@]ﬁLLNﬁu%@ﬂﬁ’JLﬁUﬂizﬂuﬁjﬂﬁa@iﬂ afianuddrysionm

LVEDETIUNISHIIUYBITEUY

_sin(n - 2)% —cos(n — 2) g
tain . T T 1
sin(3—n)= cos(3—-n)= |
] Y e [ 1R o T
n : 1 _ _ 1 _ — — V.
- sin(1 —n) 3 cos(1 —n) 3 [
T T
_sin(5 —n) > cos(5—n) 3
Tned
V3V,
my = ref (3.9)
Vdc

d' A ! = a0 1 I =
D M, AD ATNITTUNTTNBALGRN UATBYITTUIN 009l
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Y] v a

3.3 WMATANNSEBNLUUNITNINUYBEINTNA 1S UBUIMBsausTAUTTnT

wadaseniuun1svinnuvesdiadmasdmivdunesinesaiuseauiiai gn
AUABIRUN T AT UANL A LA UE NLABS LS I UE 9B 9 (Vo) AgluseunInnmnes
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N3N 1 : WeNnesuswiueneds (V) ndeuiiluanegluvingiay 1 Usenause

NNRBSUTIAU Vo, V) bag V, L384a1AUATEINTRUUTIaNIIULR Nignasnuuuiieliia

—

LSIAUNAENE 7 duNnasharann1siUd 8 uulavesadntfe V, -V, » V, » V, - V, a9

AwUsENaU 3.3(n)-()

[ '
S 10 v o a

~al ~ s v Y a — d‘ A v A 2
ATUN 2 : LUBLINLADILLIINUD DY (Vref) Lﬂa@umLmWQWUWBQ'Ua’]@UW 2 N13a8nN

[ 1

L’JﬂLG]E]'%LLN(?MQ%LU%EJHIUGHW?WLLWJQL%W@J Imanmma%ﬁiﬂé’ﬁqm lowd ¥, V, uaz 7, iioan
mMsaduvesadndiilidnu uarluvnsifortuinwaugaveussiusadns srdunsaindly
nsdlildsunadnBedusiuuuieniuud figneenuuuiileliAnusafunadnsfiaunauas
ann1sAsunlasvesadng Ao 1V, - 1, = 7, - 7, » 7, 9nn1si3esasuaingd1aduds
wanafianmUsEnay 3.4(n)-() wansisuiauumsinnnesgudlalsignianldludums
Aananawvileunsdlfl 1 wildsunldunmesvuanars ilesessunuvesnmesLsdiy

919890 M NANNLNUANENANVDIYNLADT

NIAN 3 1 1ToLNMBTUIINUBNNBY (Vo) LR UGN UT EREa1AUN 3 N3
daaszinmesusiuinsananaNnnmesiiindfan lawn vnmasuuean V; nnmes

e a 6 v

WUINNAN Ty waziinmesvuialng Vi lagainunisalingdluuieniuudiiidenladne

¥
adaa v = o

V, » Vis = Vy 5 Vi3 » V; enmusznau 3.5(n) 38dazvioudenisiinnmesvuialugidn
wlglunszuaunsdunsied enauauewalInmasuswuddineglndveunguenyes
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ANUTENDU 3.20 deyrauduiiaing Wonnmeiisrusduniounlupnwniaes IV wud

TuiNununeas 3 nmesfianidenfe Vs, Vi, was Vg Inenisdnainuidulily

Y

N 3 g 4

aNwE Vg — Vi, — Vig = Vig - Vs 990 MUsENBU 3.20(R) Lagliuivunetas 4 Lninash

dnanlalawn Vi, Vi, was Vs Wneanaudindfe Vi, = Vi, =V, > Vi o Vig seniianalily

AMNUsEnau 3.20(2)

ngUuUITnIsaun1sadadiieny aunsadiluussyndldlunisiinsisiuas
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T Aal U B UUBIANNITTINIAINTEINTVRIEINTANGI9E UE TadlAmnuduRusAunNMDS

wsssundenltdmsumsueganussiulubsiazwninesisegitniou Mall aunsnlaaunse

i lglunisasdygraududmnivalindnmaswesdunesinesamssaurin i laogiel

Useansnm 1nesnuazdenvasaunisiifwfalussasnsmkandlilunise 3.1 69 3.3

M58 3.1 aun1smiluiAalumenvesaunstaINTaing dviuvanelay 1 ey

S¥Ig 0 <0 <30

wNLAas dun1saanloLha
-2
1 da = T [to]
S
-2
dp = T [tg1 + tol
S
-2
de = —[tar + tg1 + to]
S
-2
2 d, = T [th + to]
S
2
dy = T [to]
S
-2
d. = T [taz + tgs + to]
S
3 -2
d, = T [tas + tgs + to]
S
-2
dp = T [to]
S

-2
d. = T [tas + to]

N

. )
d, = T [tA4 + gy t to]
S
—2
dp = T [tBa + ol
S
-2
d. = 'T— [to]
S
5 -2
dg = T [tas + to]
S
—2
d, = T [tas + tgs + Lol
S
—2
dc = T [tO]
S
-2
6 dg == [to]
S
dp = T [tas + e + to]
S

-2
d. = T. [tge + Lol




F1579 3.2 aumsidileAalumenvesaunisyanainisedng dmsunineay 1 eyued

521319 30 < 6 < 60

wNLAas dun150n loLha
1 2
dg = T [tar + tz1 + to]
S
2
dp = T [ta1 + to]
S
2
dc = F [tO]
S
2 2
d, = T [taz + to]
S
2
dp = T [taz + tgy + Lol
S
2
d. = T. [to]
S
2
3 dg = T [to]
S
2 [t +tgy +t ]
dp = T tas + tgs + Lo
S
2 [t +t ]
d. = T ez + Lo
S
2
4 da == [tO]
T
S
2
dp = T [tas + to]
S
g [tas + s + to]
d. = 7. [tas + tpa + Lo
S
5 2 [tgs + to]
da F B5 0
S
2
dp = = [¢o]
T.
S
2
d. = T [tas + tgs + to]
S
6 : [tas +tge + to]
d, = 7T tas +lgs + Lo
S
2
dp = T [to]
S
2
d. = F [ta6 + to]
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1519 3.3 aun1smaledalumenveaunstnaINTEInd dmsunineiay 2 Weywet

21319 0 < 6 < 30

wNLAas dun150n loLha
2
1 dg = T [to]
-2
dp = T [ta1]
S
-2
d.= T [ta1 + tg1 +to]
S
-2
2 do = = [ts2]
S
2
dp = T [to]
S
-2
d. = T [taz + tg2 + Lol
S
-2
3 dg = T [tas + tgs + to]
S
2
dy = T [to]
S
-2
d. = T [tas]
S
-2
4 d, = T [tas + s + Lo
S
-2
dp = T [tg4l
S
2
dc = Fs [tO]
-2
5 d, = T [tas]
S
dp = _T [tas + tgs + to]
S
2
d. = Fs [to]
2
6 dy, = F [to]
S
dp = _T [ta6 + tpe + to]
S

-2
d. = Ts [tge]




F1579 3.4 aumsidiledalumenvesaunisyisainiseadng dmsunineias 2 Weyued

521319 30 < 6 < 60

wNLAas dun150n loLha
1 2
d, = T [tar + tp1 + to]
S
2
dp = T [tp1]
S
-2
dc = T [to]
S
2
2 do = 7 [tae]
S
2
dp = T [taz + tpo + to]
S
-2
d. = T [to]
S
-2
3 de, = T [to]
S
2
dp = T [tas + tgs + to]
S
2
d. = T [tgs]
S
4 da = T [tO]
S
2
dp = T [tas]
S
2
d. = F [tA4 +tpy + to]
S
2
5 da = F [tBS]
S
-2
dp = T [to]
S
2
d. = T [tas + tgs + to]
S
6 2
d, = T [tas +tge + Lol
S
-2
dp = T [to]
S
2
dc = F [tAG]
S

61



A15719 3.5 AUNITAIR LA LLLNBNVDIFNNITVINAINITAINY AMSUNLNELaY 3

-4 a tg a
LUNLADI dun1sAanluLAa
2
1 dg = T [tp11 + to]
dp = T_s [ta11 + tp11]
-2
de = T [ta11 + 11 + Lo]
S
2
2 dg = FS [tB12]

2
dp = T, [tB12 + o]
-2
de = T [ta12 + tg1z + to]
S
-2
3 dy = T [ta13 + tgaz + Lol
S
2
dp = FS [tB13 + to]

-2
de = ra [tas + tga3]

N

-2
4 dg = T [ta14 + tp1a + to]
S

2
dp = F [tB14]

N

2
de = T [tB1at to]

N

5 dg = T[t/us + tgis]
S
=2
dp = Ll [ta1s + tg1s + Lol
S
2
de = Fs [tB1s + to]
2
6 dg = T [tB16 + tol
S
-2
dy = T [ta16 + tr16 T Lol
S

de == [tpi6]

b3 o
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A15719 3.6 AUNITAIR LA LLNBNVDIFNNITVINAINITAINY dUSUNLNeLaY 4

LWNLADS dun1506 luLAa
1 2
d, = T [taz1 + tgz1 + Lol
S
2
dp = T [taz1 + tea1l
S

-2

d. = T, [tp21 + Lol
-2

2 dq = 7 [taz2]

T
2
dp = T [tazz2 + tpaz + tol
S
-2
d. = T. [to + tazz]

3 -2
d, = T [taz3 + Lol
S
2
dp = T [tazs + tgoz + Lol
S

2
d. = T [tg23 + tazs]
S

. )
de, = T [tazs T to]
S
dp = T [tazal
S
2
d. = T [taza + tpaa + tol
S
2
5 d, = T [tB2s + tazs]
S
-2
dp = T [to + tazs]
S

2
d. = T [tazs + tpos + Lol

S

6 2
dg = T [taze + tpae + tol

S

dp = TS [ta26 + Col
—2
de = T [taze]

S

AT 3.1 -3.6-BYINNTUNUANAANTINENNTTT (3.6) - (3.8) adluaunisi
aglusUresiaIn1saInduesaindnias szaunsauadiveglusvesaunisiaileda
wuulddawlies dmsuynwnnesiaeganduszuy Ingaunisnlduansdennuduiugsening

€ o0 w

FLLIYBINNWBSHIIRUEBT ST BRI S vesaindiadundazia Jarsgninluly
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v

lunisasedyaauduvangauiieniuaunTyinuLedunesinesauseausinilulsay

e eGalt]

dy = —1+V3mucos8 + mysind)  dwsuwnwasd I waz 11

d, =—1+2mg,sin@ (3.18)
de=-—1 3310 < 6 < 30

d, =1 dmSuwnmesi I wag VI

d, = 1—+3mgcosf +mgsin@ (3.19)

de=1+V3mgcos0 —mgsinf ) 3330 <6 < 60

dg =1+V3mgycos0 —mysin® | dwSuwninesi I wae 111

de = 1—2mgsinf 1130 < 6 < 60
dg=-1 dvsuwneesi I was VI

QU
=
I

= —1 —+/3m, cos 84+ m, sin6 (3.21)
de = =1—3mg cos6 —mgsin6) 3330 < 9 < 60

dg =1+ +V3m, cos@ + mgsin6 ém%’ummm%ﬁ IV bae V
d, =1+ 2m,sin@ (3.22)

T W30 < 0 < 60

dg=—1+V3m,cos —mysin8) dmSuswnnasi V uag VI

db =—1 - (323)
de=—1—2m,sin6 HUO0 <6 <30
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3.4 M3IAVANNITIANAYDILTIAULDIINAUUFIUNTULATDUNFDUWERAT

HAINN1SANYIITNITAIVANMEITNMITAUTULSIRUALTTTTeazBealiluiiten

a

2.3 yilnsuinnismivaulageadenisudainsugndduunssninasudndegiunany

Y

Wia (abe) Aulsusdapdounaesnd (dg) asvinbisuusussszuuluirasnadsuiu
AnaIEaLNIARIiIMYTIINIY deralin1IRONLUUKAENISAIVANNITINIIUYDIBUNDSINDS
a1unsavilavenazasaInTy UanINBNISAIUANBIAUTENBUTBINISULAUUMNURA (i, ) waY

2AUTENBUYRINTLUAVUUNUAT (i,,) SudnsfsauansalunismauauAdweniivuay

[

Maasueniinmuaniu Fazvdmansznulagnswonunmmalniiisenunanduiesines

[ '

e 0819l3ARN wwInnsmuaulagefanisulanrlsudadalumnseninaumsugnded

Aufianuia (abe) Aumsussduadouiiaasna (dg) Sanansaidunyssyndldiieaiuny
1Y) I3 a ¢ ¢ 17 ) & 1% o A

WIIAWIANAYEId UIBTmas I alruseulii v sanunalananulunsdinlvanvas

dunesinasiuusazaiauuand 19 Uy AIandlaeziNIUYDINIIAIVANAIAMNUTENDY

3.21
i, Iy I ‘Iz ‘Ir ‘lc
abc 0 .abc Va
(()Lf
Vi Vai
4yl dg > of/ > Vai
Y— —Vp;
+ Vyi af Ve abc Vo

AmUsEnav 3.21 laegunsuvedignisnIvaNnIslinauedisaiiuie IAnAULgIUSULAGOUT

dpalanAn

INAMNUIENOU 3.21 ARURSIAUB WA (v, vy a2 V) Fgnudadlvie

e @

vulsudedsag funasala (ap) Ingldaunis (3.1) Fwmaarnnisulaansusnsdadnuuy
UBNINALYI A LAA19IAUTENBUVDILTIANUD 198 IUULNULEANT (v,) 1aLBIAUTENDUVDS

WIITUBIBIVURNWUAT (V) Uad Seanansaiilmsuiumianisiadoun vesusaiuniala
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a

Ingldaunis (2.1) Mndunsatuieguunsugedsegiuniasaa (af) aggnuaslieguu

U

WsNoBLARoUN@auNaRfAl (dg frame) Ineldannis

[vd] F [ cosfs  sin 6’5] . [z; (3.24)

Vgl = |—sinb, cos 0,

29AUTENOUVDINTLUAUULAURA (i, ) UAZBIAUTZNOUYDINTLUAUUUNUAL (7,) i
wasnanmstanssualniisauiaiivasenainvesdunedfnes axgninluiioudo
AUBIAUTENIUTBINTEHADBIVULNUR (i) 4AL DIAUTENOUVBINTIUADNBIVUMAUAI(Y)
ImawaﬁuaqmmLLmﬂsﬂ'fNﬁLﬁmsﬁu%gﬂdqshuéhmuquLLUUﬁiaﬁa&ﬂumimUﬂm iloUsush
#5719 0U09AUTENOUVDILTIAUS 19D IVULNUATDIDUNBSIABS (V) WAL BIAUTE NDUVBILTIAY

9 NBIVURNUAIVDIBULIBTNDT (v ) A INANNTAAT]

vi = Ky (ig ~ i) + Ki [ (i = ia)de

(3.25)
vy = Ky (i5 = ig) + K; f(i:; —ig)dt

MNPUDIFUSENOUTDIUTWUENBIUULALA (V) UaYeIRUTENOUTDILIITUS 1B
Uuu,ﬂuﬁ';(vq)ﬁlé’mﬂmﬂ%’ﬂ'ﬁﬂmjﬁaumi (3.24) azgnihlUiSsuiguivesdusenauves
LLiwﬁ’uuuLmuﬁ(vd)l,t,axaqﬁﬂizﬂawaaLLiaﬁ’uuuLmuﬁa(vq)ﬁl,l,ﬂaammﬂmﬁmLLiqé’u
AT LAAT U AL NAT 095 W89 IR0 kAT B UTENDUTDIRTINUULLAUR (V)WY
BIAUTENBUVBIUIIRUVULNUAL (1) filsannasldussleviannis (3.26) Inenavesniny

LANANTAATY AR Iaun1saalUl

Vgi = Vg +wlsi, — vg

Vgi =Vq — WLelqg — Vg (3.26)

DIAUTENDUVDILTIAUD 1IDIUULAUATDIDULIOSIADST (Vy;) WareIAUIENoUTDI

WSAUSNBIVUUNUAIYDIBUIBTINBS (vy;) NLARINaNNTT (3.26) Axgnudasndulleguu
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a

wsudedsegduiiaenna (ap) elulddmsunisuegamdsadanmesasiadu

(%
LY

dyaaduiaindidwiauavesdunenesaoly

3.5 LUUINA9INISNI9IUB U ausEAUTTAT

LUUT1889N15YUB LIRS INeTANsEAUTTlans 19aTiansa uansisnnlseneu
3.12 Usznoudaelassaiwedunedfneiamusydueiad mdldfoulunismuauuuuisey
Un Gagnirasnipluaniniindouvedlusiunsy MATLAB/Simulink Wia@nwiuaziiaszs
ngfnssunsriauvesdunefinesnielinismumniainesd Tnssguuiomnausonls
sonladuaudiuman leun 2995183 (Power Circuit), syuvad9daaniIuau (Control

System), uagnuavas 1&g PWM (PWM Generation Unit)

drurenasmads dududunesimesviaamsefuriad lnedaindids 1u
frovun 12§ uwinduiaas 4 ¢ vathilaaussuedwmuuuanused WWud +vde/2, 0
uay -Vdo/2 ieuiusunduuswiulilndifesmnstinnfiganeudouderdiulnanuionia
Tl sfuyseq (C1 way C2) vihwwhiludaussdyu DC-link Taunaduiigansnans Tuvaed
W nAYesBuesnesdoudeiuilawmes delivifiana1ueiinveussiulaznszuanou

WANSA
Y

damveansairsdygumuauaindid iFuannisulaansusiededsamia
(abc) TUiumlsusnsdaiaeana (aB) nadnsTlaroasdusenouro P U BauuRnuLUg
(vp) Faannsaldununnmesussiusndludsoulussuivassiin mntuayiniseuan
yuwlaLazrnAvesnmesETIufngn ethlldlunssuunmsduunisnines aelu
LA ResLssuLarlTlunsUsiiusdiinegian iorvuadnyuzIeINNTLBYLAN
Tmingaufuiunlsvesnnesusssudedenelundagiznines Waszydunusues

LNABSLIIN U LLRNLATNEUFLINIABS LAY SEUVILAINIULIAINITYINNIUGINIAINITEIND

[ a

PannBTLIIuadInnatAgsanluwsaziwames et luldassdyauninlanaly

9

3 '
o a A (YY) =1

IR MITUEING Mndudygrnaslufantiesgmuseuisuiudaaiamive e

o

asedyanaiaudagdu dnsumvaunisite-Unvesdindias

FEUUATNAYQYIUAIUANVBITEUUAIUANLIIR UL ANAUUT N TULAT DU AR ILE

ARALYNLNINIT NN BT UATILTIRULATNTEUAAIWLRIANAVBITULIDTINET AT g

Y

nszurunskladlieglusudnsdundouiiaana (dg) Auaunis (3.24) Heaunis (3.26)



68

Mua1au NadineAnselaLazisaiuiiagluslesdusenouuuLnuflazunuAdng
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AS2UIUNSINUSULSIOU a9 boanalAluida? 3.4 NN ULN09AUSENDUVDILTIAUUULNY
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Y
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| | S
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uni 4

NANISNAFBUNITNINIY

UNHUNAUBNANISNAZDUNITNIIUYDID UIBI HDSANUTEAUTRATIN bASTUNS
AIvAUMIdynkUUllsailes Fuimuniuainmadanisueaandalsiinmes tag
DFYFIRUNITADIATRUU LD NLLUATIAUNITANUIUALNITAP LA an e an A LS as Ui

i vl & Ao ° o a A o a P a
@Qiﬂaﬂﬁﬂ WQUI@WWﬂqﬁﬂqaaﬁngUﬂqﬂimﬁﬂqqgmL%@NﬁaﬂUi%UUﬂiﬂaWNUWﬁLW@ﬂ33UﬁJ

9

a a

UsgAnsnmvesismuauilausludugng q loun sUnduvesnsefuma znszualniin A
Aniileuvesendiuedn (THD) nsfamuissfuvesnsa FRINGANITUVRIEINT ATl uLsag
Y9387 NSNA@UALTUNITHILLONALIS MATLAB/Simulink Tagdin1sinunan1ignis
yhalusuuuun q euandiifufseruaunsavesszuumunuiiiauulunisdng
Aunmomdsaulai diludeusedu nsvua waranuaunsolumsanmsgydeannis

aIny

=

4.1 AMNSIRNBSEINTUNSNAFDUENTIOULVDID UL NI EUTEAUTTAT

naVAdeUANTINUNTUTesBueSinesamseduYia iy WYNNAABUY
agldrmnaiinefuseiud 600 Tad Fudumilmneausenisaiiusaduednauuuan
EeU (£V,./2, 0) ianunsardoudefulnaanionsslaodaiiusyansnin dusunssiuniad
14819898im1 220 Taad faiulseq G wae G, wiazialiA1nl1ug 2200 lulasviisn Yt
Tumsutsusasufd ieliszuuannsnaiussiunansliegnasiung sazdinnuinisaing
vosdunedwadgadmualif 2 Alaidsed ludiuvesiiames Gevhmiiifianauiouves
usafumasnsuaneudaindivanvioniatu Usgnaudtesamilent (L) 1u1n 207 fadien

3 uasuiulsey () wuwn 20 lulasinia wagaIunnsadl 50 1859 Wananwmnsa 4.1



A5 4.1 ANITITLIDIAN9)

WSR3 Aeyanwal A
USIAURT Ve 600 V
L39AUNTA (RMS) Vg Vb, Vg 220V
Funulszatioudiszuy C;, Cy 2200 pF
ANURNTEINY fi 2 kHz
ANUDVBINIA f 50 Hz
fwmflerilufiames Ls 20.7 mH
sunulszgluiiawmes C 20 pF
- 1 ]
E
$
=
-
s 0
<
g
5
= , 4
020 022 024 026 028 030
Time(s)
Q |
“
S
.EO
1>
X
E
G o
|
ozo i 026 038 0.30
Time(s)
(n)
. l ' '7 'V .
S
B0
® '
;'S -
=3
0
020 022 024 028 0.30
Time(s)
(@)

AmUsEneu 4.1 adudngafinlufawasdyginildluniseuauainduaana A

70



71

o

4.2 HaN1TIADIFYYIUAIVANNITTINNUVREINTNA

!
v A

HANINAAB LAY IMAIUANEIAT IS NN TORLEATNALUBLINADT WARIAT
anUszneu 4.1 Usenoudiedyaiaian leia wazdyaIuAIUANAINTURLNE A V09
Sunesmosauszauyliag %qa%’qﬁumﬂLwﬂﬁﬂmsma@Lam%‘qamm’mL@@%iamﬁ'umi
fvuadsunsaintuuulideies iilednguszasdlunisanaiiuiivesnsiUdeuanuzyes
and waziulszansnmdmanuesssuy nmuszneu 4.1(n) LLamé’iycgmaa?ﬁméaﬁ
I¥annsiumaniah loAaluurazgaaan lnedyasenaigaseuieuiudygyiu

[

szawqmﬁﬁé’ﬂwmzL*‘d‘uﬂmmamfmm?{au (triangular carriers) Lﬁaa%f'mé’igﬁgmﬁﬁugmu
dmsuuadatlusasiavesdunedines anamezdanaldd Syanaiinlodaiinisdis
Al +1 wag —1 iHudsnan Juansfsmagnaduanuzvesainddansnluuisiawessey
msaind suidudnuurdifguemnagnsnmstogranuuylideilesitisannisgardeidonin
nsaIntla AanUsenou 4.1 (3) LLamé’zgzgﬂmﬁﬁ'uauLﬁmﬁlélsz’i’muqua%ﬂﬁ Syy WAT S5 89
yhandludnunizaduiu ilemunuaisseuuInveaLssiueding Tuvaed amwdszneu 4.1
(A) UWARIFYUIUAIVANUBY Syp UAE Suq Fonunuvasuiuguiuiu Lﬁ@ﬂ’lUﬂNﬂ%ﬂi@U
AUVBILIINUB WM 9NATIATIZRaNEAENITINILTeIEInd Ay TPanandiaindag
anuzegisEau “17 wie “07 Inglifinsidsuwvasanuznailia-Ta lutisnamis
melusevaind eaonedosiuuuAnesnisannisaduaniuy febidefiansanasouagy
wilssouvesguaaumey axnviiitisnaiaindugminnuniensaniusAniesas 33 vos
seuTimun Fadaeannuinnsaing LazdanalinsgaLdenaenuaInnTsaindanatogiad

HadAgy
4.3 pan15a1aasnsanulwinnlaanseuudunasnes

NNNMUIENBU 4.2 LaPINANITINaEIRA LIS LI WA B Uedino Ta sy
yilndiilfannsmuauismaiansuegan dsilannines fdassviinsuequanwiifiy
0.9 TnsuanILs i us e A wazile B (Vs Vi) HEZULIIAUTENINANUYDIADUNARINGTD
(V) Tumindsznau 4.2(n) way () LARIE ST UL A E A (Voo ezt B (Vyo) ANUE1AU R
Juwssdusenirsvnendinnesduisiinesusasinaivandedmesgaaudnaliveniind
Wos G way G, %Lﬁuléf’j']gﬂﬂ?{uﬁé’ﬂwmzLﬂusﬁ’}uﬂ’ulﬂmmzé’u Tawn +300V, OV way -
300V Fauansianudnuuzyosduneiinesvatsssiufiannsaaausiuauaniuglde

wa nmshanuresaindlunsasinasiuiuInd1edweignaudna1avesmIU@wes C; uaz



72

v ¢

C, wazuTIULAaL SERUQNAIUANME Ay 1MuNad 1N TN suegatuTasInmas Ul
dowfios Turazfinmusznou 4.2(p) wanmsRuTzRINsaI8veuWd A was B (Vab = Vao = Vo)
Fanuiiaszauuseiutammaiszau THLA 600V, +300V, 0V, ~300V, waz —600V daiu
HaTINNNSILTLAUTD IS IR Ee T HAd uTUladeTY TneussdunuuiseRudy
Snunsnuredunesnesanssruiitigliusiussninaeidnvas IndidssTuadueed

wazdwalrAiAuisuTInvesesuelinanas

300

polevoltage, Vg (V)
[=1

-300

020 022 024 026 028 030
Time(s)

300

=300

pole voltage, vy, (V)
—ﬁ

020 022 024 026 028 030
Time(s)
()

[*F] (=]

=
=
—
—
—
-

Output voltage (V)
[=1
—_—

L
020

-3M|— ‘“m
_6m l | 1 'l 1 'l
022 024 026 028 030
Time(s)
(m)

MNUENDU 4.2 ARULTIAULDIANATDIBUIBSINETANNSYAY



73

HANTSIN809N LEASUATINUSENBU 4.3 LAAIE NWUTUDILTIAUTENINNE18 LAY

'
=Y

nszua Melansuurnsseiinisuegian ludiaial 0.3-0.4 il Weivuarinssvinis

U v

waQLan Wiy 0.9 nuTwsatusznINaema A-B fanvasidudyginiisedu laun

L e ]

+Vdc, +Vdc/2, 0, -Vdc/2, Vde nsesaveen @i a@tivunkaz @ vinny saunluy19e3an

a A

0.4-0.5 Ju1¥ WaUsuanA1nssviin1suanen aunde 0.4 WuIsIAusEnINaea A-B &
anwanUudyqrauausyau (+vdce/2, 0, -Vdc/2) vausiinsvuavessanladindaunuaz
wlawifuguiy wandidiuinniswasuivamesiinssaiinsuegianlifnasenuauga
yosnszuausazIila uATnalnnsIroTUIAYeINTELA T99aNAIANUMITANAIDIAINTTVT]
msuoguan agndlsfina eiiuAnsssiinisuegian uwdu 0.75 lughaian 0.5-0.6 Junf

U 1'%

WUTSITUTERIEnema A-B nduidnwasiludyaaihsedutmiy wasansiinsrua
vosiaaulagsnsiivwanastaidy ewnfisuaussduussduiisuuasiueg fuen
A33viinITUaRLAn LﬁaﬂmmﬁamqﬂLLaznmmaimé’ué’w@qm?{auﬁm’fﬂﬂéjﬁuaummﬁiuﬁu
VOIANUNMNA NN SzuvaziinisidonlgnnostssurualngmAunnNmesIInu
WIANANAZIINAEN dwaliTnussRuLsuinTuiundy luvasiide Aasseil
MsweguandimI nsdanseiusiteserdennnosussiuiitiuindndundn silfuseiy

gy = @ &
AlausngilesanuseAuminiiu



74

_E [
= |
S 06
2
?E 04}
E
E 02r
o | i | |
030 040 0350 0.60
Timeys)
()
600 |
g‘ 300
)
g
S o
B 500
[}
-600 i . ]
030 040 030 0.60
Timeifs)
()
I M ’u -'nM/"u
g' 10] f\ 'II R Y\ N" ’\(PIL I'T' i \
o \ ' Ll
I I | NI
& ‘ H I || | _'i |I v{j‘ KL{K{\V}’:‘{:’/ | |I I'] II -IllI I'\ 4
= ",||'IIIII d 'IL ||-I|II |IX|”|‘]
-@1 | | | .I | .I ! | }
) h b\l |||I |l| 1':-‘;. 'lu'l \J‘J ) ‘lHJ l\ﬂ
50 040 030 0.60
Timeys)
1G]

AMUTENBU 4.3 useruseniianglarnszwa Meldnisusuanssuinisuegian

4.3 NAN151A9IN1TNIUVDITLUUDUIBS MBS URDNUNTA

NN5IARINTIINNUTBLAUIB TN TANNTEAUTTATINElANTTUBYIANALINI1TaH
Feaunines wuulitseiiies 7 sgnesnuuuliid sudefuszruuninaiula uanass
Ayszneu 4.4 Tngvihsufiaudiiinna 50 18509 nan1sirassuandliituiiszuvananga
Shwdauseneuidsls wagdlasludivusedunialaegrawduga luamdseneu 4.4(n)
nsvuaian3adladdnvaziiuad e otideuaunnsiesiininesunnineslng 1 lae
sUmdunszusoglumaienfuiuUnaulsdunia SsustinBnmsnusuannsn$ulse
Uszneurdsldediediussansnm mslnesinunmidmuimanudisusiuteseive

finnszua (THDN) daegluszausmuazidulumudonnunvewnnsgiu IEEE 519 (THD <



75

5%) Fagudupnuaninsavessruulunsdienseuanianuiiguandignia lunmuseneau
4.4(%) JUPAUKTIAUTENINAENV10NAINBUNIDI DT UARITNYrTUTUlALUUTNSEAUT
Foau Inafiszdunssdun +600 V, 300 V uae 0 V Fulunalaensiainnsldinaiauegian

Waaonnmassiunuisnisainduuulineiiie anwazdululasinany wuinn1sauasIz

v
Y v A

L5IUYRIBUNT M TUlUM AR UNAD S LSITUN o aARUULY 9191 YEINIUFINTDILTIFU

v v
a A

serinvanenilansalisuadaulndifsssnstuasdalaslugiuanunugiu 50 L8sad uanaind

Y
ANGIANVB LTI UTENIWNAIENFIINNIUAITNTBIAAT 537.40 1aad Felnaifeaniuusenu
seniNeaneilinga Feaonaneaiuog 1aLiugn LAAITIAINNYNABIYBIITNITATUANILIIFIULAL

guduusganinmuesismuaulunisinmamuaiiaueveslsiunqenlnlzewse

40
.u'/-\'- 1/10 v, ' ) ™

g —, 20 | \ ! r \
= 3- I | | [ iz 'lI | \ I |
w / | I \ I/ 2 N / | |
B = S A y oo\ .- oo\
g N/ NS NS O\
E 7 2 L / \
B \_./ .l\\._/ A M / !

40 1

020 022 024 026 028 030
Timeyfs)
(n)

500 Tm _— _— e I -
S | M. M W
o 300 ' n |
] \ ]
R E" 1 l.‘ 1 \ [ I\ A I J-‘
: I LT LI Ll L]
-y W W W W

-600 I Ml ‘ I

020 022 024 026 028 030
Timefs)

()

AMNUTENBY 4.4 ARULITIFULAEATZLADIANAIINNITLTOUADBULID THADTAUTTUUNTA

wanssraeslunmUszney 4.5 (1) uandusifuumdsIneRTalinswe Buiesines
ausyiuviadl dsgnimunlidausediuasi 600 Tan dnsuldiduunamdanuvdnluns
A LTI FNALUUTANETEAU Yzl AUsEneu 4.5 (1) wanussuiiasendalfiulszg
ansidsrioogilavalnnss Inowuinussduvesdufulsey C1 way C2 FanlndiAsaiud

Uszunad 300 adsaniladn SeAnduas Nt sisuwaanlnmse atusasunasau



76

v
(Y =

Anfulszyiisaesiinuaunaniuiieansuuld n1ssnwaunavesussiudniulszll

9

[ 1 [

mnudRyienTesduesnesaNsiy esandielridndvesganenatsiinaig
Afies waraneuds 9N N5 Ts LY ISR FNdHANTENUABAMIAMISIT UL R
uazarnnidofiovessruuluninsas uanant nanisiaesdsasyiouliiiuiassavsam
YosnagnsmImuANazAsmIuegianiiianlilunisinwaunais sz st iuUsEqle

28190US¥aANTHE

input voltage &
capacitor voltage (V)

Lad

=

=1
[

020 022 024 0.26 028 030
Timefs)
(n)
\Es'., 303
w
¥
IS
g
g
2835
020 022 024 026 028 0.30
Timefs)
()

AmUszneu 4.5 useruisddliasmazussiunaseumiiulsey



7

j T .
4 THDi =4.67%
E O,
o 3
g
=
=1 2
g
g |
DJl.ILuL-L.....L..L.L._ _.|.u.._.l | . . S N T Il — Il —
0 3 10 15 20 25 30 33 0
. Hamaonic ordar
()
0.10¢ T T
008 THDv =0.09%
3 |
§ 006
=
3
"_% 0.04
= 002
0 R ...I...|...]m..l].. - L1 1 L P | - M
0 3 10 5 20 25 30 33 0
() Hamonic order

AMUTZNBU 4.6 815U0UNVDITYYIUNTZLALAZLTIAU

ANUTENBY 4.6 wanINanITAATIEYEsHetnvesdyIunTELaLazLIIRUIE A
Tuidsnud Tngnmdsznou 4.6(n) Wuannsussueiinveanszuaia A nuinensued
nfluguiinaud 50 Hz Semwiawiafu 1559 A wazdaranuifieusnsueddngau (Total
Harmonic Distortion: THD) Wiy 4.67% Bsdneglunasifieeysulsnamnsg i IEEE 519
aiAu 5%) MsaAsvsialUnasuyedanensaeinaisud 3, 5hay 11 ﬁﬁwumquﬁa
Wisuisuiudwudu avveuliiiiuisdnvasunivesdunosinesiildnisuogadudea
an9ns (SVPWM) agnslsfinnaian uafingdugasaus 20 Wuduluimanasauiougud @

L“‘UumamﬂﬂizamﬁmwsuaﬂaLmaﬁﬁﬂhaawaummLﬂaummﬁqalﬁaemﬁﬂizamﬁmw

Tugignmusenau 4.6(9) kansaunnsuensuetinvewsnuina A nuinansuedl

& d' N = I A a = A A
AN UFIUAAIUD 50 Hz TA1TUILVIAY 3102 V LagdlAn THD.LWe3-0.09% T 901931d
AuangaglnaAssiuaiulel nskssiula1AuLiiounInNdl 1% wansienisaiuay

WISAUIANAYRIB UL ST UTE AVBN WAz aanndasuNInTEINAMIN W LY



U 5

a3U aiusEwNa uazdaiauauuy

unidiauenisasunanisidelanduniseanuuuiazadedyginniuauaing
Mdwvuldsaliosdmsudunesmesauseausiing $110man1591809Us8aNSANYDS
srUuuNElAan1IZee 9 WsihunUSsuiguiung vuasnuidemneites naansilasudu
faAnugnRealsEavamvesltnIminaus nieunind1inatedninnenadwanioniny
wiugazn1sUszendldlunalJUR naenauauawuzumenTiglusuaniveimuise
Ya 4 a a QI ‘;’ IS dl ¥ = U a v
ganlvilanuanysalvavsyansnme iy Wneiidwnaiieasiouiennm1vesnuiden ag

Anennlunisuszendldnuasddussuunasnuliiuasnseivauadel

5.1 a@5Unan1s3aY

5.1.1 M3IRTziiemaunisainisaindvewannasussiuluurazgnines
dudunslagendendnnisdunszsianinesussiuilndfigaaunnaes e uutiana
nsaindvedurazanuregaduseuy lngaunsadnunnsansaulueenduaudnuy
AU RN D SIS BB eluRud st Az INABS AsAINT a1l
Fesdeyamnelavvonenmaiiiunnesuaudisdaneg ity ilfaunsofmunaunis

a I 1 = a a [ Y a 4
L’JEI']ﬂ’]iﬂ’)@]‘lﬂﬂE]EJWQ@JUSZﬂV]ﬁﬂ']WLLaSL‘Uﬁlﬂ@]’]&lﬁﬁﬂﬂ’ﬁ%@\‘iﬂ'ﬁiﬂ@@LEIG]L?J\?E’{LUGUL’JHLWGS

a 4

5.1.2 WAlAN150RNHUUAAUAITYN YR INTMAd T UBUL BT o TaNUTEAY
yiadl gnivuatulg BN nRIRNMesksITUEEs nelundazwnmes lnga1dy
v I~ s o A I v s LY a o a 4
nannaskaennNmesussuneglnangaauinmesindasesdisunsaindlug U uui
WNLIUA R AR TEILATIZAL SN NATIAA AN ATHaTANT 1L IUATIVINITEINY

aM 1o & = ! ] a a ¢ a & oA I o 1 ! P
gty Felundastaanansiiainhidesunsintuisgludniusiinssuast1esiaiiies
wann1saanatigliaunsaimuasliuunsand vz audarsuusiagion wadlneti

gNea dawaluiksaiuenadiasiaiuseliie

5.1.3 31NNANITTIRBINUIIA1AMUNEUTINVDIB1TUBUNNTLRAAINTT 5% T
Wulumudemmunvesinsgiu IEEE 519 uansbiiudisaruaiunsavesszuulunisasa
s A ] = W a A jy a a
nszuaMNANnuNMEasINEausaNTYaNseiUTEUUNSA InggUundunselallinindl

v} [~ d‘ e‘d‘ 1 a [ (v a 1 VY] o w a |
anwailuadulednauuinsuazeglumlaifeiiuusadunina dewalvdiusenauiidadan



79

IndiAsmils FeustausednSnainvesssuumuaNnseka vwmsuadaunaa Tun1sinnis

o w

Maalndneniivnazsuaniinlaog19dassuazwiuen

5.1.4 91nNN531ARIHANSMAABY WUT Usediuszninsanefivioenvesduniesines
wanadnunrtutulahseduammdnnistesadsaness uaundeiuiinseudadizuady
Indidedlaiuazddlasiudiussiuniafinnud 50 1B5nd dnusuaseuduivlszgsans
Hadalwassanansasnuaugaldivszananimiaesussfuumastng Saduladvddyiive

= 1

aaudnaIe IauEneshazlswiuoIdnnilnunEIeg 1oL D

9 Y

5.2 anausiena

5.21 HanTnTeidndamaniaunsion lsfafivaniuannsolddanse
Ty raumuaNadndidalaeg19gnagauaininuaenAaeiung BN sHeNEALTAUYLIN
wes Tnenan1ssnnodlu MATLAB/Simulink BusumugnioswesiBnisfitiaue ainadns
AonndoefuUTI89UL09 Chen et al. (2024) [23] Tluansinannisfiaf leidad sduinann
nnweussiuamiilndiian annsnanruaaInindouveLIIRudIATIEYildoE9E

HadAgy

5.2.2 NANISMVUAGIAUNTEIATLUUTLNEING  YI8aAT UIUATIveINITUdeY
anugaintiadlnglidinansenunenusiellowalswiueWNg Nan133188INUIINIT
a ¢ a v | b =~ a ¢ a o w &
andanasadeiosar 33 dwalvnisgadearnnisaindanasiaraumgiaunsalingaiiag
FIe0nARDINUTBAUNUVDY Min-Gyo et al. (2017) [24] MaunINITIDALUUAIAUNITEINT
wuulidelasansaannisgadenasnuludunesivesvaneseau lnglinssvusienmunin

LI ULDIANA

5.2.3 HaN1391809 WU MA AL IYeE ueTinnssu TilFannssaesl
A1 5% Fadulumuderinuntewnnsgiu IEEE 519 nadnsdBuduinmaianisueg
lniiaueaInIIaInsLae W ATAMA NG WNzaNson 1T ot Re usTUUNSAlAY
lLinelviAnymeniueiin Geeoandaafunamsfinuives MinGyo et al. (2017) [24] fiszy
TiedeuogianaannnesiuulideilesdlUssansamlunisanensueiinvesnssuauas

wsssludunesmesiuunaneszaulannitnaliateganaileinnesuuuseliies



80

5.3 YaLAUDLUY

5.3.1 MIAFAULUUENTARITUasd U INaTausEAurtnil Meladsn1saIuAud
o d' a a o a ! )
Wiaue Weldlunmaaeuuszansamuesseuuluaniiznsvinnuase wazilSeuiigung
N137119UAUNANTTI18097 LA AntUsUNTUABNALADS N9TLi oUTeidiua1ugNeBIuas
WUUTIABINNANARIEAT AULIUENVRITANDINNNITAIUAN. FIEIUTEENTAMTING 91U

¥995zvUMelaRaulun1sineuass

5.3.2 9NWaN139aesiila a1msawusilidnisvenernanisnageuludissuy
WALNUMUIBUALTUATI WU seuusdaliimdsnuaeinduasndanuay ieuseiiu
ANNENNTIVRIIBNTHaREA TR TUNETA R UluN1TTI LT IWRITEUUNTA Beasdiy

gudunugAfeIvekuUINaarUsEaNSAmveInagninsaIuaNlusEAuNsIYugs

PAFINNIIU

5.3.3 WleuiindnenmuesszuumunulfansanouasfonsUa sulUases
asglvanuazauliniuauvean1ienInlaed19liuse@nsan A3saLliunsAnyinis
Uszyndli3snsuequandiiaunusiutunagnsnisaiuausUuuud 4 a1 35nsaaueu
fdslwi1n1anss (Direct Power Control) 35n13AuAuLTslnaAnISLA ou (Sliding Mode
Control) Lagd3n1sAuANITwNuIsuUUTIa8e (Model Predictive Control) #4az3aeLiial
Auan1TavatssuvlunsTnvalissnin nasrevauesLuulaulin wazA A INYeS

nasulihluanznsyinuniinsiasundasegnasatiio






J. Rodriguez, J. Lai, and F. Z. Peng, “Multilevel inverters: a survey of
topologys, controls, and application,” IEEE Trans. Ind. Electron., vol. 49, no. 4,

August 2002.

F. B. Effah, P. Wheeler, J. Clare, and A. Watson, “Space-vector-modulated
three-level inverters with a single z-source network,” IEEE Trans. Power

Electron., vol. 28, no. 6, June 2013.

H. Abu-Rub, J. Holtz, J. Rodriguez, and G. Baoming, “Medium-voltage
multilevel converters-state of the art, challenges, and requirements in
industrial applications,” IEEE Trans. Power. Electron., vol. 57, no. 8, August.

2010.

A. Misra, K. Srikanth and B.L. Narasimharaju, “Performance Comparison of
Multilevel and 2-level Inverters for High Voltage E-drive,” 2023 IEEE
International Students' Conference on Electrical, Electronics and Computer

Science, Bhopal - India, 2023, pp. 1-6.

M. Shruthi, G. Ezhilarasan, and S. M. C. Shekar, “Advanced SVPWM Technique
for Multilevel Inverter Systems,” Engineering, Technology & Applied Science

Research, vol. 15, no. 3, pp. 23923-23929, 2025.

A. Bughneda, M. Salem, A. Richelli, D. Ishak, and S. Alatai, “Review of
multilevel inverters for PV.energy system applications,” Energies, vol. 14, pp.

2-23, 2021.

S. Daher, J. Schmid, and F. L. M. Antunes, “Multilevel inverter topologies for
stand-alone PV systems,” |EEE Transactions on Industrial Electronics, vol. 55,

no. 7, pp. 2703-2712, 2008.

M. Schweizer and J. W. Kolar, “Design and implementation of a highly
efficient three-level t-type converter for low-voltage applications,” IEEE

Transactions on Power Electronics, vol. 28, no. 2, pp. 899-907, Feb 2013.



[12]

[14]

83

D. Xiao and J. Bauman, “Power Loss Comparison Between Three-Level T-type
and NPC Converters With SVPWM and MPCC Modulation Schemes in Electric
Vehicles” 2020 IEEE Transportation Electrification Conference & Expo (ITEC),
Chicaso, IL, USA, 2025.

K. Lee, H. Shin and J. Choi, "Comparative analysis of power losses for 3-Level
NPC and T-type inverter modules," 2015 IEEE International
Telecommunications Energy Conference (INTELEC), Osaka, Japan, 2015, pp. 1-
6.

Q. X. Guan, Y. Zhang, H. B. Zhao, and Y. Kang, “Optimized switching strategy
for ANPC-DAB converter through multiple zero states,”IEEE Trans. Power

Electron., vol. 37, no. 3, pp. 2885-2898, Mar. 2022.

Q. Yan, X. Zhang, T. Zhao, X. Yuan and R. Zhao, "An analytical simplified
three-level SVPWM with unified zero-sequence component injection," IEEE

Transactions on Power Delivery, vol. 37, no. 3, pp. 2417-2420, June 2022.

Q. Yan et al,, "Optimization of the symmetrical SVPWM for three-level t-type
inverters with unbalanced and oscillated neutral-point voltages," IEEE
Transactions on Industrial Electronics, vol. 71, no. 4, pp. 4026-4037, April
2024.

A. Zorig, S. Barkat and A. Sangwongwanich, "Neutral point voltage balancing
control based on adjusting application times of redundant vectors for three-
level npc inverter," Journal of Emerging and Selected Topics in‘Power

Electronics, vol. 10,.no: 5, pp. 5604-5613, Oct. 2022

D. Chen, Y. Sun, G. Zhao and W. Zhao, "Improved synchronous space vector
pulse width modulation strategy for three-level with common-mode voltage

suppression," IEEE Access, vol. 12, pp. 27578-27595, 2024.



84

S. Hossain, S. Prokash Biswas, S. Mondal, M. R. Islam and A. Fekih, "A capacitor
voltage balancing hybrid PWM technique to improve the performance of t-

type npc inverters," in IEEE Access, vol. 12, pp. 87545-87559, 2024.

T. Ryu and U. -M. Choi, "Discontinuous PWM strategy for reliability and
efficiency improvements of single-phase five-level t-type inverter," IEEE

Transactions on Industrial Electronics, vol. 71, no. 3, pp. 2567-2577. 2024

R. Aboelsaud, A. Ibrahim and A.r Garganeev, “Review of three-phase inverters
control for unbalanced load compensation,” Journal of Power Electronics

and Drive Systems, Vol. 10, No. 1, pp. 242~25, March 2019.

W. Chang, C. Liao, and P. Wang, “Unbalanced load compensation in three-
phase power system with a current-regulated dstatcom based on multilevel
converter,” Journal of Marine Science and Technology, Vol. 24, No. 3, pp.

484-492, 2016.

F. Barrero-Gonzalez, C. Roncero-Clemente, J. Gutiérrez-Escalona, M. I. Milanés-
Montero, E. Gonzalez-Romera and E. Romero-Cadaval, "Three-level t-type
quasi-z source pv grid-tied inverter with active power filter functionality under

distorted grid voltage," IEEE Access, vol. 10, pp. 44503-44516, 2022.

D. A. Tuan, P. Vu, and N. V. Lien, “Design and Control of a Three-Phase T-Type
Inverter using Reverse-Blocking IGBTs,” Engineering, Technology & Applied

Science Research, vol. 11, no. 1, pp. 6614-6619, 2021.

J. S, Artal-Sevil, C. Bernal-Ruiz, J. A. Dominguez-Navarro and J. L. Bernal-
Agustin, "Analysis of the DPWM technique applied to a grid-connected 3L-NPC
Inverter. FACTS Technologies and Power Quality in smart Grid," 2019 21st
European Conference on Power Electronics and Applications (EPE '19 ECCE

Europe), Genova, Italy, 2019, pp. P.1-P.10



85

(23]  D. Chen, Y. Sun, G. Zhao, and W. Zhao, “Improved synchronous space vector

pulse width modulation strategy for three-level with common-mode voltage

suppression,” IEEE Access 578-27595, 2024.










88

a s v Y a — ::4' A [ =
Hlonnaesusaiug19ds (V) wdeuiiluaneglununeay 1 founeian 4 vewn

Y

WNWBS anasaleusUiuUNTENRUNNSaRadG Lasall

N1981AUNITATIAGNIMA 1 1HBLINLMBTRIIAUE 19T (V,p) 1B DU LURNBY Y

nueeY 1 suammezjmma%

A1519 N.1 NNSANNUANSAINGNTITN 1

LNLADS YUYDIINLADS N13ARUNISEING
Yuo<oe <30 V, =V = Vo=V - 7,
: Yu30<6 <60 ViV = Vo=V, > 1,
110 < 6 < 30 Vo= Vs = Vo= Vs =7,
’ 12130 < 0 < 60 V=V =V =V, -7,
Yuo<oe <30 V= Vs>V = V3=,
’ Yu30<6 <60 Vs V> Vo=V, > Vs
110 < 6 < 30 Va= Vs>V = Vs =V,
* 12130 < 6 < 60 Vs =V = Vo=V, Vs
110 < §'< 30 Vo = Vs = Vo = Vs = Vg
° Yu30<6 <60 Vs> Vs » V= Vs > Vs
14210 < 0 <30 Vo= Vi—>Vo= V-V
° 12130 < 6 < 60 Vi = Ve = Vo= Vs~ 7,




o v a s Nal d‘ 4 v Y a =2 d‘ Y = o
A1TAINUNITEINYNTUN 2 LUDLINLADILIINUDINDY (Vref) LARBUNUFNUNEDYAN

1 2 vaawniwnines

A1 N.2 NSANRUNNSAINGATIN 2

[

[y

U

WNARs UNVDIINLADS N13RIRUNITEING
1 11 0.< 6 < 30 V= VoV >V, =7,
YN 30 <6 <60 —)2—’171—”77—”71_”72
2 YN0 <6 <30 VoV = Vg> V>
11130 < 6 < 60 V= Vs = Vg> Vs> 7,
3 110 < 6 <30 Vs Vy = Vo= Vg~ Vs
113130 < 6 < 60 Vo= Vs> V= Vs >V,
4 YWW0<6O6 <30 Vs = V- Vig—- V- Vs
12130 < 0 < 60 Vo= Vs = Vig > Vs >V,
5 HU0<6=<30 Vs = Vs> Vi = Vs> Vs
12130 < 6 < 60 Vo = Vs = Vg = Vs~ Vg
6 YWWo<o=<30 Vi - Vs> Vip = Vs> 1

430 < 9 < 60

- — — - -
Ve 2>V = Vi =2V =V




o v a s Nal d‘ 4 v Y a =2 d‘ A v = o
A1TAINUNITEINYNTUN 3 LUDLINLADILIINUDINDY (Vref) LARBUNUFNUNEDYAN

1 3 uag 4 VowWniEnnes

A1519 N.3 NNSANPUNNSAINGNIIN 3

[

[y

U

YNLADS

NUTNUILAY

ANSANAUNSEIND

W

B N = O N L o L N R S A =

— — — — —
Vi o Vig oV, - Vi3 -0
— — — — —
Voo Vig 2 Vy o Vi - 1,
— — - - -
Vo = Vg = V= Vg = 1
V3 o Vg =2 Vis > Vg = Vs
Vs 2 Visg 2 Vg2 Vis > Vs
- — — — —
Vo= Vie 2 Vo= Vig = Vy
Vo> Vg2 Vig > Vip 2 Vs
— — — — —
Vs 2 Vig 2 Vig 2 Vg = Vs
— — — - —
Vs = Vg > Vi 2 Vip o Vs
- - - — -
Ve 2 Vig 2> Vig 2 Vig 2 Vg
— — - — —
Ve 2 Vig 2 Vig 2 Vip o Vg

Viz 2> Vip oV 2 Vi, o Vg







Engineering, Technology & Applied Science Research Vol. 15, No. 6, 2025, 28965-28971 28965

Design of a Discontinuous SVPWM Strategy-
Based Current Controller in DQ Synchronous
Frame for the Grid-Connected 3L-T-Type
Inverter

Kanyarat Ek-iam

Faculty of Engineering, Mahasarakham University, Maha Sarakham, Thailand
67010393001 @msu.ac.th

Chonlatee Photong
Faculty of Engineering, Mahasarakham University, Maha Sarakham, Thailand
chonlatee.p@msu.ac.th

Niwat Angkawisittpan
Faculty of Engineering, Mahasarakham University, Maha Sarakham, Thailand
niwat.a@msu.ac.th

Ongard Tubburee

Faculty of Industrial Technology, Valaya Alongkorn Rajabhat University under the Royal Patronage,
Pathum Thani, Thailand

ongart.tub@vru.ac.th

Sitthisak Audomsi
Faculty of Engineering, Mahasarakham University, Maha Sarakham, Thailand
Sitthisak.seagame@ gmail.com

Worawat Sa-ngiamvibool

Faculty of Engineering, Mahasarakham University, Maha Sarakham, Thailand | Electrical and Computer
Engineering Research Unit, Mahasarakham University, Maha Sarakham, Thailand

wor.nui@gmail.com (corresponding author)

Received: 22 July 2025 | Revised: 10 September 2025 | Accepted. 18 September 2025

Licensed under a CC-BY 4.0 license | Copyright (c} by the authors | DOI: https:/fdoi.org/10.48084/etasr.13587

ABSTRACT

This study proposes an innovative discontinuous Space Vector Pulse Width Modulation (SVPWM)
technique integrated with a DQ-based current control scheme for a three-level T-type (3L-T-Type)
inverter running in grid-connected mode. The discontinuous modulation technique employs the Nearest
Three Vectors (NTVs) from the space vector diagram to provide appropriate switching signals, which
substantially decreases the commutation of the Controllable Power Switches (CPSs), thus reducing
switching losses. To enhance the output power quality prior to grid injection, a transformation from
standard DQ current control to active and reactive Power Control (PQ) is implemented. The proposed
method allows for separate control of the d-axis and g-axis components while keeping them in sync with
the grid voltage. A mathematical model was developed to compute the stay time of each switching state
across different regions and sectors, facilitating the generation of discontinuous modulation waves for each
phase leg. The simulation results in MATLAB/Simulink demonstrate improved performance with a 33%
reduction in switching commutations, a Total Harmonic Distortion (THD) of 4.67% for the current,
proper alignment with the grid voltage at the main frequency of 50 Hz, and effective balancing of the DC-
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I.  INTRODUCTION

The integration of electricity produced by renewable energy
resources, such as photovoltaic systems, wind farms,
synchronous generators, rectifier topologies, and fuel cells, has
accelerated. This trend is driven by the global pursuit of
cleaner, more sustainable, and efficient energy sources [1].
Renewable energy sources offer many advantages, such as no
greenhouse gas emissions, easy access and implementation,
and a high return on investment, making them increasingly
attractive for both large-scale and small-scale energy
generation [2]. Nevertheless, the electricity produced by
renewable energy sources cannot be immediately consumed by
electrical loads or the grid because of the unpredictable and
intermittent characteristics of these sources [3]. Consequently,
power electronic converters are important components that
operate as connectors between renewable energy systems and
electrical equipment. These converters include DC-AC
inverters that help connect renewable energy to the grid and
supply power, as well as DC-DC converters utilized for
regulating voltage, connecting to energy storage, and
optimizing power output. When considering the load or grid
side, the system-side converter must perform several tasks,
including (a) synchronization with the grid, (b) regulating
reactive (Q) and active power (P), (c) regulating the DC-link
voltage, and (d) supplying high-quality power [4, 5].

In grid-tied inverter applications, it is desirable to deliver a
completely sinusoidal waveform to the utility grid rather than
injecting current or voltage waveforms with diminished
harmonic content. The traditional two-Level Voltage Source
Inverters (2L.-VSIs) are commonly utilized for small-scale
applications because of their structural simplicity and ease of
control. However, this topology has significant disadvantages
that make it unsuitable for medium- and large-scale systems.
These involve higher voltage stress on the switching devices
and significant heat loss. These problems result in diminished
overall system efficiency and reliability [5]. Three-Level
Voltage Source Inverters (3L-VSIs) have been developed to
overcome the limitations of conventional inverter topologies
and are now extensively utilized in industrial applications [6,
7]. 3L-VSIs offer many advantages over traditional 2L-VSIs,
including better performance with harmonics, higher
efficiency, lower voltage stress on switching devices when
loads change, and lower electromagnetic interference. These
characteristics render 3L-VSIs exceptionally appropriate for
medium- and high-power grid-connected applications, where
power quality and efficiency are important [8]. Two types of
3L-VSI designs have been found that are often used in modern
power electronics: the three-Level Neutral-Point-Clamped (3L-
NPC) inverter and the 3L-T-Type inverter. These inverter
designs can produce three different output voltages, resulting in
reduced THD, slower voltage change rate (dv/dt), and better
performance at lower switching frequencies. Moreover, the
voltage ratings necessary for both the power switches and

capacitors represent the DC-link voltage, which is only half of
its total, providing substantial benefits for both device selection
and system stability.

There are significant differences between the 3L-NPC and
3L-T-Type inverter topologies. The 3L-T-Type inverter
employs four CPSs per inverter leg and neglects clamping
diodes, therefore simplifying the topology design and improving
the overall efficiency [9]. However, even though the 3L-T-Type
inverter has lower conduction losses than the 3L-NPC, it usually
has higher switching losses. The voltage imbalance of the two
input-side DC-link capacitors is a significant problem that must
be addressed [10]. To fully harness the 3L-T-Type inverter in
high-performance power conversion applications, these
challenges must be resolved. A study of the relevant literature
shows that two main methods are commonly used for 3L-VSI:
carrier-based Space Vector Modulation (SVM) and Pulse-
Width Modulation (PWM) [11]. Carrier-Based Pulse-Width
Modulation (CB-PWM) is a widely used method for 3L-VSI,
which includes methods, like carrier Phase-Shifted PWM (PS-
PWM) and carrier Level-Shifted PWM (LS-PWM) that are
easy to implement digitally. Additionally, complex carrier-
based approach implementations require adjusting the
harmonic composition and carrier frequency of the reference
signal. This results in minimized switching losses and
improved output waveform quality. Nevertheless, the available
DC-link voltage at the VSI cannot be fully utilized by this
method, and the algorithm does not facilitate continuous power
advancement. The SVM uses a DC-link voltage that is 15%
higher than the CB-PWM, which improves the use of the DC
bus [12, 13]. Moreover, it reduces the THD and switching
losses through proper switching patterns. Most previous studies
emphasize continuous SVM methodologies, which require high
switching frequencies and lack the proper utilization of the
topology-specific switching capabilities of the 3L-T-Type inverter
[14, 15]. Currently, there is an absence of thorough modulation
techniques that are both topology-aware and loss-minimizing for
3L-T-Type inverter functioning in grid-connected applications.
Despite the recognized advantages of the 3L-T-Type inverter
topology, few studies have explored discontinuous modulation
techniques that minimize switching losses while preserving
grid synchronization and power quality [16, 17]. To address
these gaps, this study proposes a new discontinuous SVPWM
method for a 3L-T-Type inverter in grid-connected
applications. The proposed approach utilizes the NTVs from
the SVM diagram to minimize the number of switching
commutations per phase leg, thereby considerably lowering the
switching losses. The hybrid control method integrates the CB-
PWM principles with the SVM technique to produce the
switching signals. The method, embedded with a d-q
synchronous reference frame, facilitates the accurate regulation
of active and reactive power while ensuring a minimal THD.
Topology-specific switching control combined with current
regulation in the d—q synchronous reference frame provides a
pragmatic and efficient method for achieving high-performance
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3L-T-Type inverter systems for next-generation renewable
energy applications.

1. WORKING PRINCIPLE OF 3L-T-TYPE GRID-
CONNECTED INVERTER

The circuit of the 3L-T-Type inverter shown in Figure 1 has
4 CPSs for each inverter leg, labeled Sz;.4+ for the a-phase, Sur.
by for the b-phase, and S, for the c-phase, resulting in a total
of 12 CPSs for all three phases. Each inverter leg operates in
three particular switching states: -1, 0, and 1. A voltage level of
0.5 V. represents 50% of the input DC-link voltage, facilitating
the generation of three output voltage levels (+0.5 Vi, 0, and -
0.5 Va). Table I lists the switching states and corresponding
output levels for the a-phase leg as a representative example,
whereas the b- and c-phases correspond to the same operational
principle.

[

VaF
i
G Vaa S-lﬁ} Snlﬁ} S,
Fig. 1. Topology of 3L-T-Type grid-connected inverter.
TABLE L SWITCHING STATES AND OUTPUT LEVELS OF
THE A-PHASE LEG
A CPS:s for the a-phase leg Output voltage
et T Sa2 Sas Sas levels
1 ON ON OFF OFE +0.5 Vs
OFF ON ON OFF 0
-1 OFF OFF ON ON -0.5 Vi

When connecting the 3L-T-Type inverter to the grid. L,
L, and Ly are the AC-side filter inductors for the a-, b-, and c-
phases, respectively, and va, vs, and v, are the corresponding
grid voltages for each phase. The mathematical model of a
grid-connected inverter with a balanced three-phase AC power
supply, represented in the three-phase stationary reference
frame (abc), can be formulated using Kirchhoff’s current law,
as expressed in:

dig 3 1
i +—,
de Lfa ® Lpa %0 " Lpg ©
dip _ T 1 5 9. B 1
4 T b L Y00 T Vb (€]
dig T 1
=—-— +—,
dy Lpe © Lpe % T Lge ©

The parameters ia, ip, and i represent the grid-connected
currents for the a-, b-, and c-phases, respectively, r indicates
the equivalent resistance of the AC-side inductors in the 3L-T-
Type inverter, and va,. vi,. and v, denote the voltage drops
between each inverter leg's neutral point and the grid's neutral
point.

III.  DESIGN OF DISCONTINUOUS SWITCH
CONTROL SIGNAL BASED ON SVPWM

As depicted in Figure 2(a), the space vector diagram of the
3L-VSI is split into six triangular sectors (I to VI), each of
which is further split into four smaller triangular regions (1-4).
The complete set of switching states yields 27 possible
switching combinations, corresponding to 19 distinct voltage
vectors, labeled Vi-Vis. The voltage vectors are categorized
into four groups according to their magnitudes. The zero vector
(Vo) is associated with three switching states that produce zero
output voltage: [+1 +1 +1], [0 0 0], and [-1 —1 —1]. The small
vectors (V; to Vy) possess a magnitude of 0.33 V. and are each
linked to two separate switching states, either [+1] or [-1].
These switching states categorize small vectors into P- and N-
types. The medium vectors (V~Vy2) exhibit a magnitude of
0.58 Vg. while the large vectors (Vi3-Vis) demonstrate a
magnitude of 0.67 V.

—
" SECTORT o

Fig. 2. Space vector diagram for the 3L-VSI inverter. (a) Sector and
region segmentation, (b) region boundary and dwell time of sector I.

A. Simplified Dwell Time Calculation

The basic concept of the SVM technique is based on the
selection of the NTVs to generate the V,,. The instantaneous
value of Vs and the sampling period (75) are obtained from the
combined effect of the NTVs linked to the specific triangular
region, with each one multiplied by its corresponding dwell
time. This method complies with the volt-second balancing
principle. For example, if V,, rotates within region 1 of sector
I, the volt-second balancing equation can be expressed as:
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VrefTS = 2[[A1‘72 +toVo + fe1‘71] 2)
Ts = 2[tas + to + tp1] 3)

were 7o denoles the dwell time of the null vector (), while
ta; and tp; are the dwell time for the non-null vectors ¥, and 7.,
respectively. However, the SVM technique for the 31L-T-Type
inverter determines the magnitudes of the three voltage vectors
by projecting the input DC-link voltage (Vi) onto the two-
phase stationary reference [rame (af). Thus, the magnitudes of
the voltage vectors 7, ¥,, and ¥, for this case can be expressed
as:

Vo =0, V1 = % and VZ = %(COS§+}'SH’I§) 4

The three dwell time expressions required for switching a
3L.-T-Type inverter are derived by substituting (3) and (4) into
(2). which are dependent on the instantaneous reference voltage
veetor, the input DC-link voltage, and the reference voltage
angle (6), as detailed in:

o= %[TS = \/§muTS cosf —m,Ts sin 6]
tgr = -i—[\/?ma’l} cos 8 —m,Tssiné| )
ty = myTssinf

where m, is the modulation index for the SVM technique,
which ranges from O to 1 and is expressed as:

m, = V3L ®

However, the dwell time expressions derived in (5) are

applicable only when V., falls within region 1 of sector L. If Vs

moves into region 1 of a different sector, the same analytical
technique must be repeated using the NTVs relevant to that
sector. Moreover, as described in (6), the magnitude of V,,r may
fluctuate based on the modulation index and input DC-link
voltage. Consequently, V,.r may surpass region I and encroach
upon regions 2, 3, and 4 of a specified sector, as depicted in
Figure 2(b). This situation requires for the calculations for the
dwell time in each case to be redone, which complicates the
SVM implementation. This paper presents a mathematical
model to compute dwell time expressions for each voltage
vector using the 3L-SVM method. The model categorizes the
analysis into three cases according to the magnitude of Viz

Case 1: If the reference vector rotates within region | of
any sector (ie.. a miniature vector), the applicable dwell time
cquation can be calculated using (7), where n is the sector
number (n= 1,2, ..., 6):

tmz] - mnTs[

tgn

sin(1 — n)g cos(1 —n)% [c059

sin@

b ] @]
sin(3 — n)g cos(3 — n)§ ]

Case 2: If the reference vector lies within region 2 of any
sector (i.e., a medium vector), the identical dwell time equation
is utilized:

" - s -

¢ sin(6 —n)— cos(6 —n)-]
An] = m,T, [ 3 2 [cos 2

3

3 +0.574(8
tan sin(4 — n)% cos(4 —n) Z| Lsin 0] &)

Case 3: If the reference vector is located within region 3 or
region 4 of any sector (i.e.. a large vector), the same equation is
employed:

sin(n — 2)% —cos(n — 2)%
sin(3 — n)%
sin(1 — n)%

sin(5 — n)%

tain
tgin
tazn
tpan

cos 8

cos(3 — n)%
[sin 8

=m,T;
e cos(1 — n)%
cos(5 — n)%
g ;
—0.5
*1-0.5
il
B. Discontinuous Control Signal Generation Based on the
Switching Sequence of NTVs

©)

This study employs a [ive-segment swilching sequence
technique to reduce the number of switching commutations in
cach phase leg of the 3L-T-Type inverter. This approach
strategically arranges the discrete switching states of the NTVs
within each region to minimize switching commutations. For
example, when the Vi rotates within region 2 of sector I, the
associated switching sequence is displayed in Figure 3. Only
two of the three inverter legs experience (wo swilching
transitions, whereas the third leg remains fixed. This diagram
illustrates the generation of discontinuous switching control
signals, which decreases the total number of swilching
commutations by approximately one-third compared to
traditional switching methods.

v, Vi Vs R ek R
[0-1-1] | [00-1] [10-1] 1 [00-1] {0-1-1] |
A . : t
] 1
| |
' !
| : 3 | 5
dy | H 1 t
H i
\ : i h i
| i
d, ; " 3
1

Tig. 3. Switching signal sequence diagram for region 2 of sector I.

C. Three-Phase Dury Cycle Analysis
This study uses a method for calculating the duty cycle
determined by the ratio of the total conduction period for the
three successive voltage vectors in each phase leg to the
sampling period (7). The conduction period for each phase leg
was determined by summing the times when the switching
states were on. which created the NTVs. For example. as
illustrated in Figure 3, the duty cycle equations for the three-
phase legs d,. dy. and d. can be expressed as:
=2t
d, = s
d, = =281 10)
Ts
d, = —2zo—zt-ﬂ-1—2t,u
Ty
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By using the dwell time equations fy, t4;, and #g; from (8) in
(10), the duty cycle equations for the three-phase legs (dz, ds,
and d.) can be rewritten as:

d, = —1+v3m, cos 8 +m, sin 6
d, =—1+2mg,sin8 (11)
d.=-1

This mathematical method can be further expanded to
determine modulation expressions for other regions within the
remaining sectors, which simplifies the generation of
discontinuous  three-phase modulation waveforms. The
waveforms were compared with two triangular carrier signals
by applying the two-level shifted PWM (2LS-PWM) approach.
The switching signals generated by after the comparison with
the upper triangular carrier directly control CPS 1 and work as
the opposite signals for CPS 3 in each inverter leg. Similarly,
the signals from the comparison with the lower triangular
carrier are used to directly control CPS 2 and act as opposite
signals for CPS 4. Similarly, the signals derived from the
comparison with the lower triangular carrier are utilized to
control CPS 2 immediately and serve as the inverse logic for
CPS 4.

IV. TRANSFORMATION OF DQ CURRENT CONTROL
INTO PQ CONTROLLER

This study modifies the traditional d-q current control into
an active and reactive power management technique to
improve power regulation and achieve decoupled control in
grid-connected inverter systems, as shown in Figure 4. In the
Synchronous Rotating Reference Frame (SRRF), the three-
phase AC variables are converted into the d-q axis by the park
transformation. This approach directly correlates the d-axis
current (iz) with the active power (P) and the g-axis current (i)
with the reactive power (Q) [18]. The correlations between
these variables are expressed as:

However, the effect of grid-side inductance causes a difference
between the current and voltage on the grid side and those on
the inverter side. A d-q decoupled control technique is
proposed to address this problem, as presented in Figure 5. The
control equation for each axis is defined as:

Vg = Vg +wlpiqg —vg (14)

Vi = Vg — wlpiqg — v (15)

Fig.5.  The control structure of the d-q deconpled control strategy.

The control system utilizes a cascaded structure, as defined
in (16) and (17), wherein the P-Q controllers establish the
reference values for the d-q current control loops.
Proportional-Integral (PI) controllers are used in both loops to
manage the voltage command signals on the d- and q-axes:

vy = K,(ig —ig) + K [(ig —ig)dt (16)
vy = Kp(iy —ig) + K, [(i5 —ig)de (17

where K}, and K; are the proportional and integral gains of
the PI controllers, respectively. This control approach not only
improves the dynamic response of the system under transient
conditions, but also ensures compliance with grid code

3 g o 1 S r 1
- ;(vd i + Vg !q) 12) 1:]qu:ren1§né> fe\lgted tg p‘owel falcgot regulation, voltage
pport, and reactive power compensation.
3 § .
Q@ =3 (vaig — ¥gqia) (13) V. RESULTS AND DISCUSSION
To ascertain the effectiveness of the proposed
T type Inverter discontinuous SVPWM-based current control strategy for the
. Grid 3L-T-Type grid-connected inverter, a series of simulated tests
! Voo Filter Vase were performed using MATLAB/Simulink. The simulation
v# J — @ parameters are summarized in Table II.
abc
< == TABLEIL SYSTEM PARAMETERS FOR SIMULATION
* 9 Parameters Symbol Value
—_— DC bus voltage vy 600 V.
Grid voltage (RMS) Vg, Vp, Ve 220V
dq - Input capacitors C. G, 2200 pF
Currents — =
Coatrol Switching frequency £ 2 kHz
Grid frequency b 50Hz
- ¥ Filter inductors Ly 20.7 mH
Fig.4.  Overall control structure of the d-q curment controller with the Filter capacitors G 20 uF

SYPWM technique applied to a 3L-T-Type inverter.

The d-q components of the grid voltage are represented by
vz and v,. By autonomously controlling i; and i,, the inverter
can precisely control the flow of active and reactive power.

A. Switching Loss Reduction Analysis

Figure 6 illustrates the discontinuous modulation signal and
associated gate signals for the 4 CPSs (Sz—Sz4) that constitute
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the a-phase leg of the proposed 3L-T-Type inverter during
grid-synchronized operation. The top waveform shows the
modulation signal along with two triangular carrier signals, and
the bottom lines show the gate signals for each CPS in the leg.
The switching signals indicate that the S.; and Su operate
complementarily to regulate the output voltage's positive half-
cycle. Similarly, S;; and S.s regulate the negative half-cycle
during complementary operation. Each CPS shows a switching
pattern that is not continuous, with a pause of approximately 60
electrical degrees during each half-cycle, either at the positive
rail or at the midpoint (zero potential). These intervals
significantly decrease the number of commutations for each
CPS inside a single cycle. The same modulation waveform and
switching logic are used for the CPSs in the &- and c-phase
legs, with appropriate laggings of 120° and 240° to maintain
the necessary three-phase balance. The quantitative assessment
of the commutation frequency indicates a 33.0% decrease in
switching commutation per switching device compared to
the traditional continuous PWM methodologies. This
significant reduction directly leads to fewer switching losses
and thermal stress, improving the overall inverter efficiency
and reliability.
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Fig.6.  Example of proposed switch driving signals for CPSs in a-phase
leg: (a) modulation signal for a-phase, (b) switching signals for Su; and S
and (c) switching signals for S;; and S..

B. Steady-State Performance Evaluation

Figure 7 demonstrates that the system operates at a nominal
frequency of 50 Hz with an almost unity power factor (pf >
0.99) and is synced to the specific grid voltage. In Figure 7a,
the grid current demonstrates a high-quality sinusoidal shape
and is precisely in phase with the corresponding grid voltage
waveform, signifying efficient synchronization and Power
Factor Correction (PFC). The harmonic analysis reveals that
the total THD of the grid current is 4.67 %, which is much
lower than the limit set by IEEE 519 (THD;: < 5%), showing

that the inverter successfully provides low-distortion current. In
Figure 7(b), the line-to-line PWM output voltage waveform
indicates a distinct five-level stepped pattern with separate
voltage levels at £600 V, £300 V, and 0 V, resulting from the
adoption of a three-level modulation technique. Both
waveforms exhibit robust synchronization at the fundamental
frequency of 50 Hz. Moreover, the peak amplitude of the
filtered PWM line-to-line voltage corresponds to that of the
grid-side line-to-line voltage, measured at 537.40 V. This
correlation signifies accurate voltage control and validates the
efficacy of the control approach in preserving voltage
uniformity throughout the interface. Figure 7(c) illustrates the
DC-link voltage in conjunction with the voltages across
two DC capacitors. The voltage profiles demonstrated excellent
voltage balance, with each capacitor sustaining a consistent
voltage of approximately 50% of the DC source voltage, as
necessary for the effective functioning of the 3 L-T-Type
inverter. The ripple content is negligible, guaranteeing reliable
capacitor performance and uniform neutral-point potential.
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Fig. 7. Steady-state simulation waveforms of the proposed 3L-T-Type
inverter under grid-connected conditions: (a) grid voltage and current of
phase-a, (b) line-to-line PWM output voltage and the corresponding grid
voltage, and (¢) input DC-link voltage and individual capacitor voltages.

The simulation results validate that the proposed 3L-T-type
inverter can provide a smooth sinusoidal voltage and current to
the grid, maintain a balanced DC-link voltage, and significantly
reduce switching commutations. In comparison, previous
studies[14-17] have predominantly concentrated on continuous
SVM techniques for both generic 3L.-VSI and specialized 3L-
T-type inverters, which require high switching frequencies.
This results in significant switching losses and inadequate
usage of the topology-specific switching capabilities of the 3L-
T-Type inverter. This work addresses these gaps by proposing
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a modulation strategy that decreases switching commutations
per phase leg by 33%, reducing switching losses, and
improving reliability and efficiency. The system incorporated a
d-q synchronous frame controller with P-Q regulation,
enabling precise control of active and reactive power. This
design ensures grid synchronization and compliance with the
electricity quality requirements, maintains a low THD of the
output current (THD; = 4.67%), achieves excellent DC-link
voltage balance, and sustains a unity power factor (pf > 0.99)
throughout steady-state operation. This methodology rectifies a
notable deficiency by combining modulation efficiency with
topology-aware control, in contrast to prior studies that neglect
the structural benefits of the 3L-T-Type topology, thereby
facilitating advanced renewable power systems, electric vehicle
systems, and high-efficiency energy conversion platforms.

VI. CONCLUSIONS

This study presents a discontinuous Space Vector Pulse
Width Modulation (SVPWM)-based current control method
designed for a 3L-T-Type inverter functioning under grid-
connected conditions. The modulation method used the Nearest
Three Vectors (NTVs) from the space vector diagram to create
discontinuous modulation waves compared to using two
triangular carrier signals, which led to four switching signals
for each Controllable Power Switches (CPS) in the inverter
topology. The method significantly reduced switching
commutations by approximately 33% relative to ftraditional
continuous SVPWM techniques, lowering switching losses and
thermal strain on power components. Additionally, by
changing the DQ current control to a P-Q control method. The
system effectively managed active and reactive power
independently, which improved the inverter's steady
performance and compliance with grid standards. The
simulation results confirmed that the proposed control strategy
can produce a low Total Harmonic Distortion (THD) sinusoidal
output, establish robust synchronization with the grid voltage,
and maintain balanced capacitor voltages. These benefits
validate the applicability of this control technology for
implementation in contemporary renewable energy systems
and high-efficiency power conversion platforms.
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