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ABSTRACT

This study aims to apply the Matrix Converter to control the voltage and
frequency of energy generated from wind power and to efficiently integrate wind
energy into the electrical grid, particularly in situations involving fluctuations in wind
power. Mathematical simulations and laboratory experiments were employed to
assess the performance of the Matrix Converter in controlling voltage and frequency.
The results indicate that the Matrix Converter effectively controls both voltage and
frequency with lower energy losses than traditional transformers-and frequency
converters. Furthermore, the Matrix Converter contributes to improving the stability of
the electrical grid and mitigating the impact of wind energy fluctuations. This study
proposes a novel approach for the development of renewable energy systems, which
can be applied in the future to enhance the efficiency and sustainability of wind power

generation.
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1.5.1 Anwuasnumunguiiieadas

SuanmspusadeyauazAnusnAdeniindesiulassaivouunindnounes
19193 "“ﬁmﬁua@msﬁ’u 19U Venturini, Scalar PWM 1ag Space Vector PWM FUDUNALANIT
alduiuiasade (Safe Commutation Technigues) uananniéadnuinisyszendldaly

Y

syuusg 9 wieldiluwmslunisesnuuusyuulunuidei

1.5.2 #519UUUINRDIMIAIAAIEASLAZINABI5EUY

MINTES LU UINADIUDWMU NI NTABULIBSMBTIUIUSIATH MATLAB/Simulink %38
PSIM Tne1a0evied L9119 A0T gUATalans fnTesluan uaruvasing aIndush
N19IATIERNGANTTUTBTz VUGS steady-state wae transient Lﬁaﬁﬂmmmgﬂﬁawm

A15919U wazUSUNITIELN 0 S LT aY

4 -4

1.5.3 9anLLUUITUUINIAUII
ATUNITEDNLUUNATITIVOWUNINGABULIDTNDST IagWiansanisidenldgunsal
aIng N1339319999590n0 1asHawes wagnisUesdunsaduiu-nszuaiiu sudens

29NLUUTE VU INLA TEUUIALTIAU-NTELAAIMSTUNITNTIE@0UAIA &) NidnALY

[ =
1.5.4 WWU"I?%UU?I'JU@&ILL?ISL‘UEIUIUiLLﬂiﬁJ
Waudanaiiuntunun1suegatuvesainduuuunindnouiasines lagld
Lulaspeulnsamesnse DSP wiowudeulusunsunivauliaiuisavinulavuusealngd

warATIERUANERAUNA (Fault Handling) LiteArmvasnsdelunisineu
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Anllun1snadeussuvegvarideangldluanass lngdinamialnidaey wu A
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THD, Efficiency, Power Factor wazn1snoudusssaluanildsulias 3ndutinaansun
WU uiuwuudnaesdnaeaitoduduninugnaes nieunallaseimAImisiinesning

ADUTTEANDTNINYDITTUY
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VOB UaTNANNIS

2.1 AURUNYBASHANNITVINIUVDILUNINTADULIDSLNDS

wun3ndrauniesimasiiugunsalulamasauliiiidenuaiunsalunisiieu
susuuvadiinszuaady (AQ) annvanewlalidulniinssuaadudnuuuunilalaenss
Tngldsasinunisulandunszuanss (DC) neu 9978aATUABULAZAINTUTDUVBITEUY

TnfinlaseasiaugIuLazNIsAIUANYEY Matrix Converter

2.2 TAS9aE19NUZIULANITAIUANVBIUNNINGADULIDSLADT

1AS9E519989 UL ngAeULasneS Useneuluaiy Matrix Switching Network @ay
W@ aulgsd e slanada (input) Tugunavasen (output) lun1soenunuy Matrix
Converter TiiiUsvanSmngauasa1unsanIuALIwivkayAINd g 1ewing azldivaia

Pulse Width-Modulation (PWM) Lﬁ'ammmmiﬁﬂmumma%%

2.3 SUNNTNUFIUVILUNINTABULIDIADS

NN g0 wvEnseaunesines THlunmsidamdsnuainszuunseualiii
11 (input) Ludesguvueen (output) ammaﬁmmam%uiﬁugﬂmaaL’mmas‘mqéﬁ’u
(Voltage Vector) #3ansglia (Current Vector) IWJﬁEULLUUﬁQﬁMﬂ’]iﬂﬁﬁUﬂ’]i?f’m’Ji,‘wﬂ’]i
wUaandauseningsuy AC ifvatea Sasduunindidoulesseninsudazinaves

PAINUV N WAZVIDBN F9ALAITA 2.1

Vout1 M1 My, M3 [Vina
Voutz | = | M1 M3 Mas | [Vine (2.1)
Vouts M3y M3y M3 LVips

io Vi, Aewssiudilasuainiad 1, 2, uay 3 vesszuu AC 944N
Vour fousssuiidioanainnad 1, 2, wag 3 909300 AC 91000
M Aenmsdsullasuuningmauiosines (Matrix Converter) fil4lu

nsuUadaynsEnieBunaLazefinm



= a 1 4 -4
2.4 NOVWHNIIAIVANUNNINYADULIDILADI

wvEndreunofnesltinaiansmueuiiuiugwasiauduiouiienauausie
AnudeInsvesszuUlninszuaady uaviinuvasadvguiioteaiunisifa Short Circuit
Tngld Pulse Width Modulation (PWM) Tun1saauauysiiati alndidn-Taui easna
Fauaradiiuuvadnauouaznsaniudi deens wieuviald Space Vector Modulation
(SVM) fithemunuussiulazanuinouiu annisgadondsau uaziiinussansnmly
MsuUamdsnuainszsuy AC nilslugsdnszuunis iunsAuraluguiuuusnindanm

AUNSNANUA I AIEUNIT 2.2

Va cos(8,) cos (8y) cos (6.)1[1a
Vp [ =] sin(8,) sin(8p) sin(6.) ||Ip (2.2)
Ve 0 0 0 1L

we W,V Ve Aenssiuluusaziva
e el Aonszudlunsagivle

Bq, Op, B, PaavesLssnulunsazina

2.4.1 nMsauaNnasulutamingaauosines
lunshnuvesuansndaauiasiweinismvaumMsilawarUnadndazyinlviiinnis
WUBIWA1IUAINUNA T8N (input) TUFessuuluan (output) lam1daeInis @903

cal v

muauiazeatesiunisdinaiansmuaniinbildavesuavsndiisenis

2.4.2 N1SATNUIUNENIU
PINLSIHDINTTATUIUNFIIUN LU AINIY- LUVISNDIADUNIDILADS A1UNTO TN IINUN

tﬂl 1 U 1 U éj
WauleasEINInThakazhIInuluLAazEnIT
P=VvVT.] (2.3)

g P AanasuNLUag (Power)

V AoLanmasusenu (Voltage vector)

I Aaanwasnsewd (Current vector)



T ABNIINIILELNA (transpose) VBIINADS

2.5 nsuUasszuuluin

sruUNsklamEIulnia11 503U YT B UNALAZID I NAVBINA 1Y
Tt Teun

2.5.1 AC to DC 2925A8ULI05905
199515 89n520a (Rectifier) 10129257 W lunrsulastndnszuaaduidulada
nszuansdlagldlalonnilwnluisesSoenseanuunisaaunseldlalenvanssluisasises

nsziaLuuliumau Yuwinasunszualwi lmduieniafes

2.5.2 DC to AC 24353UL193510 03

21135 Ul09 a3 (nverter) L ursasilelunsutaslwiianszuansadulnin
nszuaady IngldnuandAvesgunsaidiannsednd 1 lalenvsonsudaimesiiieasiagy
dulwilanszuaady Jelwihnszuaaduiioantnaninsnmvanssulsadulyliiazaaud
yodluala

-4 -4
2.5.3 DC to DC 29935A3ULIDILADI
Wureasnlalunisudasliiinszuanseninsssulndrand sluid uwsaaulaia
a 1 d! dl 2 v fa @ a 6 1 a 6 a a,
NTELANTIDNATINUINADINTG ImmwizﬂaulﬂmaqﬂmmaLaﬂmauﬂaamaa’mmﬂmazm
lusaunia 9 weaiuAunIsnavasliiinsuansInidIunas19sUAR LIS IR ULATAIUA N

WasULUaalAMUAINADINTS

2.5.4 AC to AC ’N"D'ﬁﬂ?UﬁlﬁJLLﬁ\‘iﬁu

suvadlrlihnsuaadudiliinssuaadulddmsunsuvasguadulslinnssuaady
Afuserulnihamidudunssiulninszuaadudnamiafidosnsiaglumsufsissuy
uaamndsnuesszuudidnnsetindmdsilananaludsiuenaagianunamdsaulii
souuls Mogrsvesszuudunaiaiuanildnsutamdsnuliihnszuaadulunisarugu
nazuUasusstumudvesinii ilelimnzaufunsldnurieniuaugunsalsng q anu

AUADINTT b



2.5.4.1 Back-to-Back PWM Converter
FEUURURINEIULUY AC to AC Ingldlaseasna Back-to-back PWM Converter
Juasnsuvasliinszuasdy (AQ) anumasdnenisludsdnuvamils Tngsiunszuiunis
wasansiunou fio 990 AC fiu DC wazain DC nduiiu AC Bnguuuuwils Inefidafiudsey
¥30 DC link agasananaifietasdnwiusasulsinad ﬁgﬂaaqdamaﬁzw%muqumiﬁ’mu
semaila Pulse Width Modulation (PWM) @ s318lwanansnaiuguussdu mnud was

MANIVDINGINY UaARIGaFUR 2.1

S1 S2 S3 87 S8 S9

R———=*

V]
Al

S VDC link v

\ §10 S11 S12

S4 S5 S6

SUN 2.1 29236308008353 UM THUaMEIUILUY Back to Back PWM Converter

2.5.4.2 LaVINTADULIBSNGS
FPUUMTUURINA I WY duvsndaouesines Mdmsunsudadlninssuwaadu
Julwihnszuaadulngpsslaglideddisesdoulomns DC In o Faandlugy 2.2 ol
Usvavisnmuesszuviazan Mgy donisluisesitenleamns DC lnsumdndnounesinesy
szneumeaintassiimnsilifiounsaisindassianislugaiiedlutlagiu udilensuauss
AudeIns 4417 IGBT Amunaludnuazvesnslisugunsaliuuuendiuiioadianie

AINTEARINANINNE LN TNUNIN T WAL UNIFD IR ANz UAN ULkS e U LN AN @097 e



10

s1

82

s3
R
O ® 34 U
S s5 v
o ® ® Load
T s6 w
O &
s7
s8
9

S1

SUN 2.2 2993580939089 T UUNISIUAINEI UL ULV NgAULIBS NS

2.6 MATLAB and Simulink

MATLAB and Simulink flugeniuiiniainenaniuasdmnssuildlunisduin
wazdeulUsunsuiinsiesidoya InefinuanninnsourquasisnIsdIamsadnaans
nagmsaifsgramainuans W eldlunisviudvdegaidsiiasuaznisuddyninig
ANIRANENT LU MSUAENNSRsAEiRMARS N1sUTERINAMNAINAERT NSIATIETYA
n1sNAEANTINE N159188958 VU LAz NITVIAdeUNARAMIaEraInarelusWINeFans
wasIAINTIL wenanni. MATLAB Saflanuanuisaluntsidouans us i auddaymail
ANITLNZI Azl N SETUAYBAILILUTHNT Y MATLAB (MATLAB programming language)
WieruAuMsTuYewoniueg dnsahandesiiouazufinaing (Toolboxes) Mtauiidely
IULANITAMAIVINIINYIAIANTUAZTIAINTTUA Y 9] LY U MATLAB Image Processing
Toolbox d@nsun1suseuIuA1InIN, MATLAB Signal Processing Toolbox 115Ul seunua
Ay, waz MATLAB Simulink d1v5udnaneszuy

geWdlS MATLAB gnifmunlngu3sv MathWorks wagiinislvuinsluguuuuiild
nuueissnaNinneiduyananiovuaIetisreuiuned fusslevtinlunatsdu 3q

TasuanuioutasldnuagranivansluanisinenfansiazIfanssy
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IneInetnusaduiinsuiaueng v wasnann1391a8an 157NN UYRITTUUA Y
AUNANN WA NN TR TE NS LU AINAINUBLUUBLTS NGABUIDTHBS AETUTWATL MATLAB &

Simulink

Grid Line

Matrix
Converter

PMSG
300 W

A

/ 18 Line

FPGA

U

5UN 2.3 szuuiwiuaumdnnseialilagldnsulamasuwuuiimsndrouiesines

2.7 S¥UUBUNA

syuuBunaivivaundanssualwihddudsenovvan 9 ag 2 du laun feiuay

nannseualuinaziaseendialwinuud deasuasiauiininniig

v v a
2.7.1 AsiuaNNaanse kel
Faruaundn vl vuned sTuunlmesaantaiuan (Wind Turbine) tiishUasnadanu
& ) % & | Y] v v = YY) ~ 'y
ansdundsnulninlagldauduwraimasiu ludviuauveanissisiuaussnyuilioauin
1 ) % cl' cl' (v ' d' c{' ¥ < (v 1
Huazyinvunflunisilasunaaauaatanmseasunvesaulinate dundsanulwinsinu

a J Y o a o a a Y a ' [
ﬂ']iL“U@lIG]@LSU'm“ULﬂi@ﬂﬂ’]LUGW"LW‘WWLLUU‘(NIV’]TIJG“UU@LLlIL‘Viaﬂﬂ’]’Ji

2.7.1.1 ¥pdnaasfeiuankaanseua lui
luinerinusldyaiwinauturuiamads 300 a6 lngannsaldeulieglusuves

LuUTIaemRlaeanssaziuluamun 2.4
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Tt wt Ty
N NN\ E
€ ) ) | E GEARBOX

/ A/ A/ % nl :n2 .
N X :
) ) | GENERATOR
N
Ts Wg

JUN 2.4 BUUTIADMIANAA AR SYARIWTLALIYUIAAIRS 300 06

NAVIEIRUsYMUUTRemNAtinaanslug Ul 2.4 aunsaleuledlusUves

aunsi 2.4
X B A 2 il B
Wg = [Tg Q(ny/ny) {Bg + Bi(ny/n;) }wg] ETREE (2.9)

=~ = [ a A o a
e wg o fie A ulavesasesialuih

W AD AISATYLTR YR HElaY

T Ao wsalnvaunsaanninlnia
Q fAe ussUnveayanaiuay

N, /Ny fe dnsmassrieninauiuasastulali

By A9 AduYsEanS s wduaniutaseeniL e L
By  fie AvduuszAvsusadeaniuvesyniaiuay

Ja Ao Tuluusnsseevesazasnalni

Jo Ao luuudusulesveyaniaiuay

NEUNS 2.4 Welussauunnsenunumilunaiuauasyinliwnuman fsanulunamuy

aufinnsnyu vbiiaausudauvesniaiua (o) J9ezuUsiumualuuuivsadoy

s
a a

vasyaniuay (Jo) wavArduussdvsusadsanuvesyaiwiuay (By) lagluvasiinnis

nyuAeANUS I uagyibiiausslnvesyaiiuan (Q) Feaugndsludiyndniing
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s

sewinayaiaiuaufuiedesfudalii (n,/n,) Tneluineninugi IANIRUANILYIINTHO
TngmssruyaiaToariinlwii mé’qmﬂﬁ?ummL%’;L%mmjaqsqmﬁﬁuau (wy) wazussinves
yaaiuay (Q) szgnasludumanduvesyandeafuialiliih Faagihliiivonnisadin
IylitnAnnisnyu shidiAneusudauvesadesduialiii (w,) warusidavendos
el (Tg)Iﬂ&lﬁ]%LLU?BTuGI’mﬁ’lIJJLMHGTLLNLSE]&“U@&Lﬂ%ﬁﬂff%ﬁ@h\lﬁ’l (Jg) wagen

a

dudszansusadeamuvenatesiudaliih (By) Ssasidulunuvionlaesunsudsgud 2.5

A 4
4

VO —> WIND TURBINE GEAR BOX GENERATOR —mm

Tl nl :n2 12, 0g Tg

sUN 2.5 vaenlpezunsuanuduiusvesgaisivauivgansosnuia i

naun1sn 2.4 wazuaeninezunsulugui 2.5 daldlddeunuudiaeddulusunsy

MATLAB & Simulink

2.7.2 wsasnniinlnihuuudslasiasinuiminaias

wsestlabiilhuuudslasiaviaudwana1ns (Permanent Magnet Synchronous
Generator + PMSG) Wiupsassniinlitii @anussnoundnuseneudedsd

1) @wnna’ (Stator) fie drudilimdousivewnsesiidaluii Suniswdeathanndu
ussumdnuadlsinesifieduudunssudlnih dypanainvieaeiuiiozgnidonsefiu
seuulniifienaslda

2) Ts19o% (Rotor) fie dulanunsaviuindeudisgununansvosiaiesidalih 1o
Tswnesiimamuaraiaumiimaniuuaaiavieaisfiivesannoinumdna L ves
msmuLLazaﬁ’wmu%’jﬁLmeﬁﬂ

A3 o ndaliwuudlastasdawdindnaisidues esdndalaiad Adn0s
sonuuulanmsaseaidlnenssiugaieiuaulnglidesfiyanaids Fufnasfuundades

suniulussuundalidnudefinisvyudisaiusias udelduseuves PMSG Tuises

Jsgansnnussnisantdsasuniulussuy
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2.7.2.1 yadaaunsssnlialniiuuudlasiasiauwivanas
WUUTIaRINAEnAIansLas aantdaliiluuud dasiavdawillndnaisiwana
amusLLaswqaﬂssmwdwwmamamL@@% 3 wla@ (Wd a, b kag o) F9iAUAIUNIU (R) 59

aunsuiuAmANUwtsnvesunaInannes (L) Asaunsn 2.5

. d. .
Ua = Rig + Lria + —0rApm sin(6,)
Up = Rip + L5 iy + —@Apy sin(0, — 2m/3) (2.5)

Ue = Ric+L=ic + —0Apy sin(8, — 21/3)

Wo  Ugpe A9 Ausswuliihnuaainanmes 3 wd (e a,b,c)
R AD AIAITUATUNIU
ipe Ao AnszualWinunaInawaes 3 e (wa a,b,c)

L fio AIAIUINTY N

@, Ao ANUEATWUTeN A0S

Apm A8 AsIRUlnIsundy

wazillomMsantuzuwuuwssriulina 2 ia lageandeunua 198 weslsinesini e

AMbaluliln (Direct - Quadrature Axis) %Lﬁummuaumsﬁ 2.6 way 2.7

. d . > d
Ug = Rig + Ldald — (quq + a)\pm) (2.6)

. d . . d
Uq. = Riig + anlq — Wy (Ldld + a)tpm) (2.7)

ilo  Ugq Ao Awsuiulniiunuddewedsines (d-q axis)
Ry Ao manudunuiivnaindnines
lgq Ao Anszualiiiunuedvedsines (d-q axis)
= |

N o a Y a ¢ .
Ao Armumisnihiunusdseslsines (d-q axis)

A < a s
(O A ﬂ'J’]?,JL’i']LSUQH?,JGUE]QIiLmE]'i

Apom A0 Aswiulnidungy

naumsi 2.6 way 2.7 lulddsuwuusiassdulusunsy MATLAB & Simulink
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2.8 STUUEINTU

S2UUAINTTY [WUAIUNT9U095EUUNITHUAINE UL UULAS NdAD LIS 10BS Tae

a A

aIndye Ae nIzUIUMSWasuanIuEeaindusogUnIalmuaANlusTULWAS NdRRULIDS
was Jehulseneundn fe alndvsegunsalamuaunsildsuaniueg Jwunsallanseln
nstuavesnszualnililunses Wussuuiidwualeulvvesnszualiiidisenainun3nd

AUnosmas A dun N NEE NFBINTS

Sla

S1b

=

U 2.6 159519 Switching IGBT

o/ a 1 3 ¢
2.8.1 MSUUAINAINULUULLANINYADULIDILANDS
U a Cl L2 & A U
ATTLUAINANIIULUULUNE N ABULIBT LMD AD sxuUnIThUaIng sa1ulniln
nszugaduidulaianssuaaduiignnsomuauussiulniouazaaudlaedase Fazidan
WNUNAIIVITUBBTZUUNITHUAING 997U UY Back to Back Converter fidiuunnlvigjias
Ao a ¢ s sV 1o & v & ::4' = °
FIANI DTNIZUULUULLNSNGABUIDIMes WanTudosieasitoulesnae DC Jedinai
Tihsasiiengnisldanungnanuazlifdanisideudnimeesdinuyszqueasasdoules
119 DC
FPUUNTLUAINER LU ULUNTNgAauLIBsINeS Fusgiunisaiuaun1sdunsien
AU g Loy adulunnisldainduuuassfianie (Bi-Direction Switch) 1uu 9 A3
UsznauduasasmdnvesssuunsiUaend sy asguil 2.7 Seainduuudesfianiaunse
AIuANNISnavaanseudliTldassinniawasdanuaiunsatunisvinuaduluadvunla
1 < 1 4' 1 a = v 4 1 o 1

9619590157 uelkilesnlailluga IGBT wuvaesiiane Jsldaunsaluuuiendiuinnisaeuuy
nauIseasuiu (Anti parallel) @9Usznoulunie IGBT waglalontesiunisdounaduass
nszualii AIFUN 2.8 fneaInTEUUNTWUAINEIULUU Back to Back Converter fiilering
Nane 12 67 wagldalnduuuiianiaded Jsanansaniuaunisivavesnseualiiinlaies

AAnasedsiaguin 2.9



S1

OW

S2

S3

s4 ov

oW
S6

S7

(O

S8

s9

SUN 2.7 1935670909985 s VUM AN UL UL NdAB UL I SN 0

a0

Sla

w7 Ao ﬂ:i;}
b

JUN 2.8 25 indTaiuUIINTElade AN NYBITE U ULUAMAT LU UL g AB LD

s
9P

~! Sl_‘
s1 DI

JUN 2.9 199581090 UUTIN SEuanTaiAN19veTsUULUAINATUILUY Back-to-Back

PWM converter

103U 2.7 annsaldeulveglugvesaunisusenuliiuaznssualuidunn
LIANFVBINATAINTVIANNAUNITT 2.8
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ia(t) Saa(®)  Sap(®)  Sac(®] [ia(D)
ig(t)| = [Sa(t) Sep(t) Sc(®] [in () (2.8)
ic(t) Sca(®  Scp(®)  Scc(®] ic(®)

naun1s 2.8 drluldidsunuudiaesdulusunsy MATLAB & Simulink wastiled
melaifluga IGBT wuuaeafirniy Jaduesddgyedesfinyisnsaiuauainduaziznis

WaguwlasauaudRvesdyarunauanudlnimiumalulagnsdunsgvisuaduanudg

'
1 =

Pagnandluidadaly

2.9 33UU 4 Step - Current Commutation

Anendnusiauilindnns 4-Step Current Cornmutation Tu wivsndnauniasines
AenszurunismuAlmTUdsunizuanant s unaduluras wWedestunisiie
nsfennsensdiassutnmsiiinnann Inenisidaeunseuatazsilu 4 funsundn

1) Step 1 Ynadediildlaldmuiedudounsysannanislus B niania vz
nstinaind7laldnuluvazdunow Weldldinnsdeysearsae mionfi

2) Step 2 \Waaindlvl adndlmiidoudeiuimandesmslinszualnaluazgnide
wiazdslUnaindLanviud

3) Step 3 Nsvuameye WasuunszRaaz LA Ryl Salalategnarae
Hudesly ietlostunisfanszuadnas

8) Step 4 Unedndiiar iflonszudlmaruialmildanysaiuds azUaadndilamndil
THmuud elinssudlnaluludunmaiisenis

ns¥UuMsHYaslinsUa sudunasvesnssua i dulueghsasnds annin
dosannsfenseninaauagivanuianszualnil wagvilissuy Matrix Converter e
laegneiiuszansnnuazianss

F151921135n15 Commutation udazuuuiIinselndiuiin1sld3ins uiay
Uszanlgauunnsneiueegels & 5 uwuuseiu laun

1. Commutation fEA3AILANLIFLLUY 2 Tunau (2V)

2. Commutation $1833MUALNTELALUY 2 Tumau (20)

3. Commutation FEIEAUALNTELALAZLSFULUY 3 Tuney (3VO)
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2.9.2.2 Commutation #833AUANNTUALUY 2 Yunau (2C)

N1IAIUANINN V1 to V2 (I>0)

Step (1) Sla_r
V10— [
WIOU  Ga S %
SIEN T o
—»—0 Vo
NGirl Ua
A
2 & F M
W9 2 AN 5:?
e § sa2b
Step (2) S]a_T S
¥ XY _
WU o 5 %
in [ sib Io
—»—0 Vo
SZa_T
V20O ] [
Haom V ABNITMILANETY

i
9
°_-I
wn
N
o
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2.9.2.3 Commutation A1835ATUANLIIRULAZNTTUALUY 3 JUABU (3VC)
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2.9.2.4 Commutation A833AUANLIIAULUY 4 JundU (4V)

NNSAILANINN V1 to V2 (I>0)

Step (1) Sla_T

V10—

WAU © g4 5 %

ain L 81

&]i]k H"b.J URaY Sza_T

I
L]
|
!
X
)
)
.
------- I
WNAY : ﬁ"l

T6r-4, S7b

Step (2) Slaf s

s aE TR 7 :

[ L :
WIIAY gy 3 % X
e Lsib 5

SZa_T

V2

WSIAU : AN
e I s2b

(n) Step M3wdaussiulniduneud 1 uag 2

24



Step (3) Slaj 2
V] 0—]
W36 © g4 5%
l_Slb Io

——0 Vo

SZaj e,

V20—

WS90 : 01

pife) l_SZb
P Sla_]‘ s
Y I
WSI6H g X_‘?
s l_Slb lo
—»—0 V0o
SZa_'I’ N,

V2

WS90 : AN .
IBnsAIuANEISY
[ s2p

(%) Step N1suUatussdulnidunoud 3 uae 4

5UM 2.16 Commutation fMeIFAIUANKSIRULUY 4 Tunau (4V)

25



26

V1>V2>VI3
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2.9.2.5 Commutation A1835AUANNTEUELUY 4 Yunau (4C)
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2.11.1.1 VHSIC Hardware Description Language
VHSIC Hardware Description Language (VHDL) 1dunilslun1wn HDL Auuziiedns
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2.11.2 ffandunIsdInsun1IsaRnLUU
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v
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2.11.2.1 Xilinx Vivado
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2.11.2.2 Altera Quartus Prime
UM : Altera (AT udaund sv83 intel) 851877 Quartus Prime 1y
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LA58498l8N1SNAGBU

2.11.2.3 Lattice Diamond
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Vivado fA211@1315aL i MR a Y5893 UNS Y UILNITEDNLUYT InUAG s n1a$na
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Artix, Kintex, Virtex, Was Ultra Scale Vivado Siuengidnueaizinuiivislunssuiuniseoniuy
A8 FPGA 8819191 High-Level Synthesis (HLS) lunsduasizviulassviaseiugs (19u C,
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1) IP Integrator 978lunisa$19asadtalagld IP (Intellectual Property) findewux
Tusnns
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3) Simulation Tools ﬁLﬂ%"a\iﬁa Simulation T Vivado Simulator #38@1u1501%
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4) Programming Tools gaglunszuiunistlusunsuadluiil FPGA Alaas1etiu
5) Xilinx Vivado #Usganiamgeiazdaiuvainnaislun1ssessudusing q virlv

Wulasaadiandnimainsseauiloodndenldlun1seonwuukas W uIseuuRAIianty FPGA

299 Xilinx

2.11.3 Basys3 FPGA Board
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YUY 4 step current commutation

Frequency of MC with 1.721 Alalgsn
IGBT 1 62.602 Wasidud
Frequency of MC with 2.132 Alaldsn
IGBT 2 57.404 Wasidud
Frequency of MC with 1.962 Alaldsnd
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Frequency of MC with 1.917 Alaldsn
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APPLICATION OF MATRIX CONVERTER TO
WIND POWER GENERATION SYSTEM

C. Juntham
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Abstract-This paper presents the application of a three-
phase matrix converter for wind power generation based on a
permanent magnet synchronous generator (PMSG). The
topology applied in the research is the 3x 3 - matrix topology
consisting of nine bi-directional switches. This paper focuses
on the simulation of the proposed system using the MATLAB/
Simulink program to design the control algorithm for the
PMSG. The algorithm and switching strategies acquired from
the simulation will then be implemented on the real system
using FPGA as the processor.

Keywords-Bi-Direction Switch, Commutation method, Matrix
converter, Simulation, Switching loss.

I. INTRODUCTION

Wind Energy has been interesting nowadays  as it
emits zero pollution into the atmosphere. Several research
has been conducted based on a doubly fed induction
Generator (DFIG) and a permanent magnet synchronous
generator  (PMSG). However, the PMSG has more
efficiency as it has no copper loss on the rotor because there
is no conductor installed in the rotor system. Wind power
generation requires the power converter to_control the
PMAG to track the maximum power point as well as to
control the reactive power at the grid side. Back-to-back
converters are the common choice because of their mature
technology. However, they require a. dc-link capacitor
causing an increase in the size of the converter system.
A matrix converter iS a converter that can convert an
alternating current source to a variable frequency output.
Several research have been conducted to check the
feasibility of using it for driving generators.

This paper is organized by starting from the application of
the matrix converter for wind energy conversion in section
2. Section 3 concerns the simulation system of the
matrix converter for driving the PMSG. Section 4
presents the simulation results and finally concludes in
section 5.

II. SystEmMs OF MATRIX CONVERTER USED WITH WIND
TURBINE
The structure of the wind generator system consists of the
generator connected to the grid via a matrix converter. In
this paper, the nine-bi-directional switch converter is applied
for driving the generator as shown in Fig. 1. In this research,
the FPGA is used for controlling and generating the PWM

signal for the converter. Several types of switches have been 33
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to construct the matrix converter. However, in this research,
the anti-parallel type is applied as shown in Fig.2. This
topology has low conduction loss as well as a sparse number
of switching deviges.

The main advantage of the matrix converter is that no DC-
link  is required compared with the normal back-to-back
converter, so the degradation problem of the DC-link
capacitor is eliminated.

MAN PROCESS MATRIX COMVERTER

 — |
g e s M e SO
1

poni (3]

L" TTGA ookt
ontrol System|
T |

Fig. 1. Wind turbine system using matrix converter.

Sla -T

f S,

Fig. 2. Inside systems of matrix converter used with wind turbine.

III. CONTROL SYSTEM

The section focuses on a detailed explanation of the
proposed system. The system consists of the wind turbine
simulator working with the PMSG. Control of the matrix
converter is the main purpose of this research. In this paper,
the simulation of a matrix converter using the
MATLAB/Simulink program is discussed. This section is
separated into sub-sections: wind turbine system model,
switching system simulation model, and commutation
method for matrix converter.
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A. Wind Turbine system model.

This section discusses the researcher who has designed a
wind turbine systems model shown in Fig. 3 to test the
performance of the matrix converter for actual use in wind
turbines and considers the benefits in the future of producing
the hardware. to be used in future industries

w Yy 3
S
conemen 1 oo
L
IITTITT0] s1.s0

FPGA
ER

Fig. 3. The proposed control system.

B. Wind Turbine Emulaior. [9]

Fig. 4 shows the basic structure of the wind turbine
emulator, The wind turbine model is based on'the blade
clement momentum theory [13]. The wind turbine model
consists of the three-dimensional table data of wind turbine
characteristics and the mechanical model considers the
difference between real wind turbine and induction motor.
The wind velocity F is given as-a condition of emulation.
The windmill rotational speed o, is detected with the rotary
encoder (RE). The I and o, are used as inputs of the three-
dimensional table.

Inverter

Fig. 4. Wind turbine emulator.

C. Switching control system simulation model.

From Fig. 5 the model in MATLAB/Simulink program,
as shown in Fig. 5
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(a). Converter control
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Fig. 5. Switching control system model of a matrix energy conversion
system in MATLAB/Simulink program.
D. Switching cireuit model.

From Fig. 6 we will set the switching circuit to 1 block
out of 9 blocks to see an overview of the internal circuit set.
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Fig. 6. Switching Circuit model of a matrix energy conversion system in
MATLAB and Simulink programs.

E. Commutation method of matrix converter.

A commutation system [10-11] is a system that controls
the flow direction of current in the switching body, which is
a type of reverse-blocking insulated gate bipolar transistor.
There are 5 types of commutation methods: Commutation
with a 2-step voltage control method (2V), 2-step current
control methed (2C), control method Current and voltage in
3 steps (3VC), Commutation with a 4-step voltage control
method (4V), Commutation with a 4-step current control
method (4C) as shown in Fig 7.
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desired signal value in the range of 3-phase sine waveform
at a time of 0.001 seconds to 0.03 seconds and set the
switching on and off control as Follow the 4-step control
method, then run the simulation and check the results to
determine the switching of the matrix energy conversion
system. Is the converter working as intended? Improve and
evaluate the system as needed. Testing and simulating the on
and off control system of the 4-step current control switching
method in the matrix converter power conversion system is a
key step in the analysis and development of the control
system of the matrix converter. The results are according to
the circuit shown in Fig. 9.

However, after we have the PWM signal used to control

the Gate pin of the IGBT in each phase as shown in Fig 10.
The result will be that the input signal will have a stable signal
as shown in Fig 11. but in the part of the signal that passes
through the matrix converter shown in Fig 12. we can see
from the signal period that occurs at any time there will be a
different signal period. The reason is due to the commutation
of the system.
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(a). Main circuit:
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Fig. 7. Main circuit using commutation method of matrix converter. !g(:— ra'- ]A » (.:“l}‘i) 1‘ |iﬂb i_ '~
IV. SIMUEATION SYSTEM AS IO | 2N LA | il 7L

Some prototypes of machines have been designed with

S 1y
various types of controls and switching. Using mathematical 2 8 AL AL

P e -
calculations this control is offered as a solution for FPGA by iy | fi,
the Xilinx flexible programmable gate array (FPGA) chip. . W 0
FPGAs are an attractive alternative for building matrix T 4 o~ .
converter systems. Steps to use the device The results | ! \}] ,
obtained from the experiment are presented in the simulation P > o
results section. 1o 7 »”

V. SIMULATION RESULTS | i v
The simulation results for the 4-step current control are -

shown in Fig. 8. Method Take the switching model block of

a matrix converter energy conversion system and set the  Fig. 9. Switching on-off switches of 18 matrix converters.
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switching operation, be able to work and control the opening
and closing of the switch according to the research goals.
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VL. CONCLUSIONS

The goals of this dissertation are to design and simulate
the operation of switching in a complex matrix converter
energy conversion system. It uses a 4-step flow control
method (4C) and tests the simulation in MATLAB and
Simulink programs to control the conversion system. Power
is used using the PWM signal of each phase to control the
switching on and off. From the design and simulation of the
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