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undvaneianimuazelsy ssuunmsuUammdinudll dadede aldiiglunsquatnuniias
iesnnifuszuunisutamdsnuiimiududou uasiinsgapdendanudoudsminszning
miLLUaawé’wuﬁ'gEqumwumiLLUaawé’muﬁ

AMNVDLAYYBITEUUNITHUAINEIIUBUU Back to back PWM converter ina1iun

2
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oY va v Y

TanuuNITedlafnwAuai3densihmsimussuunsuuaandsulviianududou

Y9338 UUN0EAY aunsnguasnwlaitedulagldiuussunalunisguasnulitosas uasdl

<

nsgeyidenaauluseninaniswlaindenuresssuuiian 3aduiiuiveinisruninideves

TPUUNTUUAINAIURUUINING (Matrix converter) FeilduIuYATEULAIUANTIUDENT

(%
1 o o

SEUUNITHUAINAI9IU Back to back PWM converter 39996a91N19A1U1595 N 8158 U
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PEIULUUINIAG (Matrix converter) Tutduszuunlmininszuun1shuasngaany Back to

back PWM converter 39811150¥Nn15NAIUILALADEDA LA DNABUTINUIN

1.2 ANUIMNIELAINgUIZEIAYRINITANY

Y] ¢ A

gninusatuilTngUsrasniiie s NkuuLazINa09IN1IVNIUYRTEUUNIAUALNES
nsgualnfinlaely Matrix converter inenaaaulszANTAINNITUUAINGIUE Matrix

converter ELU?W'JWNL%’JaﬂJﬁLL@ﬂWI'Nﬁu
1.3 nannsdndaualudneninus

Tuinegninusatuilldeonuuunerd1assnsyinguvesszuuisiuaundnnszualuiinlag
14 Matrix converter #slunisaavausyuunsulaandsuazleisnislnglddymou PWM
Tun1sanuay n15ln-Unvesiainduilesnniduisnisiinivguitlddudaunari9asd

lassadaiiseuieuaynslddnauguninitdes
1.4 YBULUAYDIINGIUNUS

Ingdnusatull YNN1508NLUULELI1a8INITVINIUVDITEUUN T UALNAR NS Lwa LW

lagld Matrix converter aglusunsuiunkaywauaduydan (Matlab & Simulink) Tuns
° A v & = I ° a a

NAADUNITYINUVDITEUU Winwansliiuneaudululalunisvinaukasyssansnnlu

MsvauvessEuUneufiarth lunegeulusyuuiiduvedasa
1.5 $19a298aU09INYIUNUS

a a s U dy Y 1 dy g a IS dy
Tuinefinusatuiladanuadonvianun 5 Un wagn1AruIngn 1 nna lngazdidem

A o a a ¢ o X a [ &
‘1/114’1Lﬁu@IU’W]EJ']UWTJﬁﬂUUuL‘U‘L!ﬂW]EJIUU



unil 1 umi Slleniferduaulunsazanudidyvestdym nguszasalunisyi
vludnertinud nannrsludnvnausluine inus ve U UaUeINeIINUS 2uD3

NYALLDYAVDIINYIRNUS L ULAAZUN

= a awv o a v ! = va v o
UNYI 2 NOWYHHAITUITYNNYIVDY AAINT AANURALAT RANNTTNINIUVBY PMSG,

J¥UU Matrix converter, ¥UANTEINTULUY RB-IGBT

Uil 3 N3PENUUUTEUUMIIIaeInsYeildluinerdnus nands mseenuuy
sruun1sTraeeniIsiinululysunsuuuniadueunguydea (Matlab & Simulink)
U3eNaudig Ynssuuisiian 4nssuuBunnveesy Uy Matrix converter, 9AS¥UUABULIOS
mesuazduliadines (Converter/inverter), YT UUAINANNITUURING U, YATEUY

BRI

UNT 4 NISNAABUTEUUNISNNIUIBIsEUUNSiuaunannssualnialaeld Matrix
converter @138 S19aEIBEAYBINTNAGBUSEUUNTIUluALSIaNT 9N LAY
Uszansnmlunsieuves sz uunIge

~ ¥ a o [ Aoy av ¥ o
unil 5 unaguiagtalaualugiuIningive Wunisagueuidenlainausly

ANTNUS LAZTDEUDLULLUINIINITITETUBUIAN SIUDINITIVERDLDA

MANUIN N. Fenaniaunaideilasunsanu lunisussyussauuuys
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NOERLAzUIEL ALV
2.1 na1i

Tudnendnusasuidviiaue n1509NLUULALS1aBIN15YN9IUYRITEUUR LA NAR
nszualniinlaeld Matrix converter gaUsTasdLl v MadoUYTEANS AN TUUAS
WEIURE Matrix converter TuanuiSaufinpnaaiu §955Uus wiuauulasmdsnuiuy
Matrix converter azUsenauluse 2 daundng fe 1svuudune Fsluszuuiaslfiauiues
swesaiauiindnonswuudalasida (PMSG) Fadedivas PMSG Ao 1.szuuaglifidessuniu
dosnnyadauanayanuisadedilaenssiuyn Generator lnglidniudasdiganariids
(Gear Box) 2. 55UUNMSUUBNENINULUY Matrix converter suiiussuuifivundniidesann
szuuliaslddmauases Switching Aildnnuiidesniiszuudu Fuiliinisquadisnude

wagAnlddnelumstingssneinininseuudy

2.2 LAULUBSLSIABS Y ALLIMANA1A5uUUT 91ATUd Permanent Magnet

Synchronous Generator (PMSG)

1ASIAS19LAULBS LTI TV TALUMAND1ITUU VT AT [1-3] 1D UL UL USRS LUU 3

wadadlviusdingn 16 93 (16 Pole) Faillassasrandned 2 dufie 1. dwuiiluvaaindlal

v
1 s

WABUN F9zSundruliin awmas (Stator) 2. duiidutudiuieasuivaazisenii 1swmes

a 1

(Rotor) @9luBud1utl ozt usianUULLIMAND1IT TAeVITUAIUNIADIT ULV 9719581

NA19%3938NT1Ye8INA (Air gap) Aanuandlugun 2.1



Stator

Air gap

Rotor

JUN 2.1 Tassasnaauiuesisnes PMSG

Foauuesiames PMSG mlsmesduazidunuutidu (Salient pole rotor) Fevililinaes

9 mevlladaneny Jsdwavinlivdndudiman a gegedeiniaduiianisnssanedal

(%
= v

WY G992 AATUAY 2 LNUTANAD WNULLIMANYaIl5IMaS (Direct axis) AU kNuGIRINAU

s o

(Quadrature axis) 13 9LAANITLAN 8IUILY LA NNLNULLLAE NUDILS IR ST 22111 L AN
o d' o dy Ql' [l < 4 4‘ a Ql' o 1 < d‘
w59 U LW AT Y UL T kN UL AN 89l59e35 (Vd) wazidlaiinnisiudeidnniliand

wnusaIndagiaAnwssiulimdeainduaniunuamin (Vo) Fauinvesisasulai

' 1% '
IS 1 =] ]

o A a g 5 @ [ [ U a [ 4 1 2 Ao
WtgI Mz naIutY azdudnaiulnensanunisiUas Uk UasuaInandwltnan A AN UNUN

[

sanwandluaunsy (1)

_ Yo
DR (1)

Fa1naun1sn (1) Yu wsawedaulndindendnNinieduduasdianiesuiunisiuasuklad
(v 4 1 <@ d" [~ 6 5 d: ddysv d'

voananduiivan dadulununguetiaud (Len’s Law) Fslunsdlildnsnisiudsundas

YINFNT WULMA N LT TIUIUVDIVAAIALASVUIAVDIN ULT 1A 877 9% 4810150 LARS

AuduusSluaunsi (2) - (@)

Anandusmanaziianisidsuludlonun A vy 0%asidulumuaunisi (3)



0, = JB-dA (3)

NTUYaNNIsA (3) wwnuluaunish (2) agladuaunisy ()

€=-N—m (a)

FIFNUIVDIVARINALALADS LA AZNAILININAUY 120° Faazyiliusaadaulwiluiendn

wazadulumuaunisit (5), (6) tas (7) anuadisu

e, = Esin (ot) (5)
e, = Esin (0t+240) (6)
e. = Esin (ot+120) (7)

(%
Y

uaﬂmﬂﬂ’uaﬁ’ﬂmusﬁ’aLL&JL%ﬁﬂﬁuaﬂsmaﬁ‘LLazmmL%fasausuaﬂima{uu%ﬁma@iammﬁmaq

sl dadulupuannisi (8)
N = —— (8)

o N, Ao sns1saseudelasiadivlaedy..
f  fio Audiiviedy Hz

P A9 9117 UALWEN

2.2.1 WUUINDTINADINIAMIAAIEANS VDILAULUDSLILADS YU AU LNANDIITHU

Falasua (PMSG)

WUURITABINNANAMIAR VR UL TLINES PMSG Nuandly JUN 2.2 azuandli
WU UREREawesvla a, b uaz ¢ NIRRT 1200 LAz AT NRETBIUAAINELS

wasudar Wl a, b wag ¢ wTANUAIUNIY (R) AeaunsuivAIANUmMleN1veIunaln



awnos (L) lnaiieuiu d-axis WAUe1999nsaiUaLINLIMAN (Direct Axis) LAy g-axis WNw

o a Ao [y 1 <3 . PN v al' < a s
2NBINAINAVAUINLLINAN (Quadrature Axis) IAgANYUAIBTNAISTNTIYUVBILTIRBS

(o) wazsuvaBuvadlsnas (0,)

(¢}

JUT 2.2 WUUNRTTRRMNNANAMAATYOLIULDTLINDT PMSG

F991N79939 10N WAL AAIEATIINTUN 2.2 aangueaaesvanilinnigusaulni

(Kirchhoff’s Voltage Law, KVL) annsadeuludunuaunisi 9)

. d . d
Uabe = Riapc + Lalabc + a}\pm (6) )

e Uy, Ao Ausssulninivnainasines 3 wla (na a,b,c)
ip. A8 AnszualiirRvnaInammes 3 wa (Wa a,b,c)
R f9 MIAUAUNIUYAIAELALADS

L A8 AANUMREIUI999URa R MRS



= n(0) o v o = = o
G dx’h—t() Aousssulwidundu (Back e.m.f) Feaunsadeuduannis? (10)

sin(0,)
dhpm(0
%() = -0Apm [sin(er—Zn/B)] (10)
sin(0,+27/3)
dlorhaunsi 9) wuuluauni s (10) Feannsoouduaunisd (11), (12) wag (13)
: d. .
U, = Ri,+L = 1y -0 A, sin (0;) (11)
Up = Rip L it H-0, Ay sin(0,-270/3) (12)
Uc = RigHL S it -0, hmsin(0,+27/3) (13)

PNEUNIST (11), (12) way (13) 11p991nNeuUasismaskuubninseLaaaumuuzmany Tu
msinsanaeutdiaududeu duuidadnnudndunlasaunisiedluguiuuiauiuesis
WashuunTelants TngvinisulasainussdulnirTugduuy 3 wla u1eglugluuy

wsenulniin 2 walagafounuondveddsnes d-q axis delugun 2.3

b-axis O = 0

c-axis
JUN 2.3 AnuduiusTeninaunulsnes d-q axis WaERNUEALALS a,b,c

UANANUEUNUSTZIIUNULSRBS d-g axis Laglnuanees a,b,c lnaimualiunu d-q

VYUAIBAMUS TN (o) Teuansluaunisi (14)



cost, cos(B -27m/3) cos(6 +2m/3)

Ug U,
Uyl = % sinf,  sin(0,-2n/3)  sin(0 +2n/3) | |U,
o /5 ' s Ye

(14)

F991N2995918999094N U198 L9M RSN TN UALINLIMAN graxis TugUN 2.4 UazI933

Y
Y

° Y  a ¢l Y] o’ . N
"\]'1@@@LLﬂu@’NE)QI?L@EJ?‘VIGNQ']ﬂﬂUﬁUWlILLlIL‘Maﬂ d-axis FL‘L!ETJ‘VI 2.5

Lq
+ Ry [66?5]
O NN N/
e e
1
q +
Vg ORTE

PO

2 2\
deLd

JUN 2.4 239591009093UNUE 19D IL3LmDTNATITUAUINLIIAN g-axis

Ly
V
= R [ZSZSEI
O AVAYAY,
—

Iq

Vq
ooLqu

JUN 2.5 19959180908 UE9BM LW NnseiuauuLImAan d-axis

FeenunsaWeuluegluguaunisi (15) wag (16) aua1su
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. d
Ud = Rsld-(Drkq‘f‘ a kd (15)

. d
Uq = Ryig-okgt 22 (16)
FaA Ay hae A1 A zuandluaunisi (17) uag (18) audsiy

A = Laia Ao (17)

g = Laig (18)

mﬂﬁ?uﬁﬁammiﬁ (17) wag (18) wwnuluaunis (15), (16)

: d,. | d

Ua = RigtLg a0 Lgiqt 5 kpm (19)
] d. -

Uq = RyigtLq 7igtor(Laigthpm) (20)

A da X s fa LY a 1 [ g [ =
LLN‘UGW]LﬂWU‘L!sUa\‘iL‘\]ULU@?LﬁL@@’i‘UﬂﬂiUﬁ%U@LLS\ImaﬂﬂTﬁuu‘\]%LUUI‘UGHSJ?I&IFWTV] (21)

Te=-2 (3) ligH(LaLq)idig) (21)

ANUFUNUSIAATUTEIINWTIT A0 9989, TLUUALTIRDE, mmL%’JL%Q;quNﬂamaQ‘[ima%

WardUUSLANSANUNUI TI9zwandluaunish (22)

Te = Tl =2 -Boy, (22)



11

2.3 STUULUAIWAIIIULUULINS NG (Matrix convertor)

S¥UU Matrix convertor Aaszuuni1swiasndsanulnidinszuaady (AQ) wulnidn

<

nsguaady (AC) [4-8] lelawnss anunsamuauLsedulniiuazamud lnedase 4
Uszansnmgauazivuiadnningd eifisuiusruunuamdaeunuy Back to back PWM
converter 11 8491N52UU Matrix converter 1 uatu1snudasndssulni1dunnain
nzuaady (AC) MnFAuUesawes wazmuauenalulninssuaadu (AC) lilnenss
Feluguil 2.6 TeunandneninszuunIsuUaImdsaIuiuY Back to back PWM converter tu
sgdesiinsuvamdsudunnainiaumesisnefdadulnianszuaadu (A0 Julwih

nszuanss (DC) nasnnuu lihnszuanssvsiugniissuunazasd (OC link circuit) lnaaed

snulszgvihmtiiinsesdyaalniiingzuanss (00 ldiaanuai deludumeuiaziiiliiie

=
De

unigade (loss) WlugUvespnudounazinisidenaninuesmiiiulszqueiiszuus

(4

849 (DC link circuit) na9nd il od a1 uYnsEUUATA A (DC link circuit) 1ué7

2D

szuvagaesinsudamnliiinssuanse (0C) 1Wu nfinszuaadu (AQ) weiluendnm

dielldauseludslugui 2.7

PMSG AC to AC Load

JUN 2.6 SEUULURINENURUULYSNG
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PMSG AC to DC — — DC to AC Load

DC link

gﬂ‘ﬁ 2.7 STUUBUaIWaNIULUY Back to back PWM converter

F97995UANVDITEUY Matrix converter 9 UseNaUA8AINTHUUEDITIANIG (Bi-Direction
Switch) 14319 617 A93UTN 2.8 FIaTATULUUARTANINUUAINITAAIUANNIT MAUDS

nszsalniilagodnienig faguit 2.9

/ oV,

o
o]
)

%)
oy
<

\

QVc

w2
oy
)

N

w2
@)
Y

<
a
°

wn
0
=

!

7]
(@]
e}

JUN 2.8 195 IARTNURITTUUL AN AT UL UUWYEND



Sla

SAa

| Sib

JUN 2.9 29258 1aRBMUUINNTBUARDITIAN19VDITEUUMUATNATULUULVENG
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FNUN 2.8 ansnsadeunnuduiusiuguuuvaunsuyEndseninaussiulnidunmuay

usssulsifiedineldmueannisi (23) - (27)

Vout e in
Fa Vo, v lulunuaunisd (26)

Va(t)

V(0
V()

i maui

F9 v, anduluamaunisi (25)

Va(®)
Vi(t)
Ve()

vin =

39 T asudulumuannnsy (26)

T=|Sap(® Spp® Scu(®)

SAa(t) SBa(t) SCa(t)]
SAc(t) SBc(t) SCc(t)

ntiuthaunsi (24), (25), (26) wundluaunisd 23) agladuaunisi 27)

(23)

(24)

(25)

(26)



Va(t) Saa(t)  Spa(t)  Sca(H][Val®)
V()] = !SAb(t) Sev(®)  Scu®) || Ve(®)
Vc (t) SAc (t) SBc(t) SCc(t) VC (t)

14

(27)

Y uaINIsOlsUANUFUR NS lug UL uuaunIsiunIngseninanseualnindun nuag

nszualniiiedinaldnuaunisi (28) - (32)

. _ T
linfT Tout

%9 iy, s dulusuannish (29)

ia(t)
BN !iB (t)}
ic(t)

39 TTaefulumuaunisi (30)

T'= [Spa(t) Spy(t) Spe(®)

SAa(t) SAa(t) SAc(t)]
Sca(®  Scu(®  Sce(t)

B9 iy, L Uulumuaunisi (31)

iy(t)
iOut 2 [%(0]
(1)

ntiuthaun1si (29), (30), (31) wunuluaunis (28) agladuaunisi (32)

ig(0] = |SBa(t)  Sps() Spc(V)]|i(1)

[iA(t)] [SAa(t) Saa(®) SAc(t)] [ia(t)]
ic(t) Sca®  Scp(t)  Sce(®d Lic(t)

(28)

(29)

(30)

(31)

(32)
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2.4 wAlANITAIUANINDTAINY IVBITTUURUAINd s umuUUnInglagly

daysy1ad PWM (Pulse width modulation technique)

1%
6 o o ¥ =

199911299 5@INTIVDITE UUMUINAN UL UULIVIS NG mﬁszmammimmmms

(%

uvesdinfvetiazdiliiduluaudenisegisgnsies Fduruideiazliisaivay

Y

alndalaglddeyeran PWM Tunismuaunisvinnueesadnda9-13] wWesaniluisnldeens

' [ a S o oAy A o & aa <)
LLWiVIﬁ’]EJﬂWlI’]iﬂ@E]ﬂLLU‘Ui%‘U‘Ul@\‘]’]‘EJ RINAN QMWHWUW@W%Q?ﬁﬂWiﬂ?UQN%%L‘LJ‘IJI‘UG]’]&I

q

v 6 1

lpezunsudasun 2.10 wazgud 2.11 asidunisuanspuduiusseninedyaraaundey

fouuaunengian uazdnaa PWM fviwinila-Ua fadnds

Input Sine | Single N2
Signal "| modulation | RN
side Signal
A4
Carrier Logic gate Switching
: composition -
Signal ¢ Circuit
signal
A
. PWM
OUtPUt fine :@ > invertorr side
Signal h
Signal
Carrier
Signal

JUN 2.10 udenlaaznsuNISTINUNISAIUANEINTIN Y PWM
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Amplitude

Time

|
YnnhlEERE
A DAL

1

OO e
NN
HEL S

NN =

JUN 2.11 Anuduiusserindyaumumay, dyaiusenganuasdaain PWM

e?fqmﬂmmﬁ’uﬁuéiugﬂﬁ 2.11 dyaunasaniindsuagyinisisouiieuiu ”ﬁgﬁyﬂmﬁuwm%éa
udtyann Sinusoidal Feavldaayias PWM Saaanuivesdayaial PWM zldsunias
Tmuminuivesdayayia Sinusoidal nanantudlaidayin PWM vesurazivaun
Wisuidleuiuasite Tneldases D flip flop lunisiasuiieudanas dedestunts short

circuit 9999938 INTIS UL LDINIDINFYQYIU PWM v03usiazinanitin1svineunnseiu

2.5 5¥UU Commutation lun1sAIuANEINYIYALUY RB IGBT Bi-direction

switch

58U Commutation HUABTFUUTIVINWINT AauAuNTIaLasAANIUDINTEuAYRIN

ndsdaduniiauuy RB IGBT Bi-direction switch faguil 2.12
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Sla

SAa

| Sib

U 2.12 anBsuiiauuy RB IGBT Bi-direction switch

#438n15 Commutation Hu3dN1sAIUAYN 5 wuumeiu[14] fie 1. 115 Commutation #7833
AIVANNTELALUY 4 Tumau (4C) 2. 115 Commutation AEITAIVALLITIRULUY 4 Tunou
(4V) 3. 115 Commutation A3EITAIVANNTEMRALUY 2 TURDU (20) 4. 115 Commutation

Y ac 1Y) o . Y ac 1Y)
PIYITAIUANLIIANULUY 2 upau (2V) 5.n119 Commutation @'JEJ’Jﬁﬂ'JUﬂiJﬂiSLLﬁLL@%LLNWLJ

LUy 3 %umau (3VQ)



2.5.1 M35 Commutation AIE3FAIANNTEUALUY 4 Yumau (4C)

The Commutation from V, toV, (1>0)

Step 1 { _on
Sia
Vl
High S,
Voltage fF L |
—— \'A
N
S
V2
Low T
Voltage g 1
Step 2 L 4. on
Sla
Vl
High A
Voltage RN
>l°>—o A
feson
SZa
V2
Low %
Voltage =T —
Step 3 Yoy \
Sia
Vl
High B
Voltage ff LIV |
—— V,
{//on
Vs
Low S,
Voltage o~
Step 4 i
Sta
Vl
High o
Voltage Fl |
+—— v,
i_on
SZa
Vs
Low Commutation
Voltage — ——T ’ complete

3U# 2.13 n15 Commutation MeIsAIUANNTEULAKUY 4 Tumau (40)
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(4C)

IngludINTLwa

JUNDY

SLEALUY 4
o

'
a

TUNIIAINUALIAINITAINTIVDIE D4

q

fEITAIUALNT
a

¥

J

v

9

Tudlaq

2.14 WundiaIN1s Commutation

Y
[

YUNDU

sUN
Weni Uty Ma1519I0NNSAIMUASEEZIAIN I O UABDNTLILALN Bl

nszwalWiwuy 4

>

o

a

v

a

¢ Dead

NI

isadu o lag

a

'
a

NTLLALDIMNALAEI Y INUUNNUANIAINITEINTIVOIEINTAIDUY

1Y

AUNTTANINITUDILAAINAIITY

o

o

LY
1

a
[y

9

13

Time tadea9



2.5.2 115 Commutation A3835AUANLIWULUY 4 Yunay (4V)

The Commutation from V, toV,(1>0)

Step 1 _ 1t on
Sia
Vl
High S,
Voltage on [ |
. "_0’_° Vo
Reverse blocking on
Ssa
Vy, o g Yo
Low S5
Voltage
Step 2 L1/ /£ .
S, Vhave high
N, N 7 e voltage
High S,
Voltage  on [ :
‘_<J>_° VD
{_-o0n
V2
Low

Voltage oL
Step 3 T
Sla
Vi
High S,
Voltage —on~ I
IO
>V,
1_//on
A
Low Sz
o\ R 7
Step 4 i
Sla
Vl
High S,
Voltage e
|
—>— V,
i on
Spa
VZ
L:)W S,,Commutation
Voltage on complete

3U# 2.15 n15 Commutation fMEITAIUANLIGIULUY 4 Tumau (4V)
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V>V, >V,
sommi il U U e
S el D D L
S L —
R TN S - SR
S pEmEE L0 ||| s Eeee
S T I I
R = s B = s« SR RSN RS
S L L
S ERBEEREN 000 AR R RN Nl & o B
WO U RO Y
YRR I BEREE SR SCUTER N\ e
COIVRE = R\ 48 T N e

JUN 2.16 UNUQILIAINTT Commutation MIEITAIUANKIIFLLUY 4 Tunel (4V)

U 2.16 uwupiinand msunisidasusssulwiluoy 4 Funaudi 1, > 0 dwsuduneud (1)
N151UA Sy, NUNPRILAANITAN9AS %ﬁLawﬁwmazLﬂmﬁuLﬁa Sia Y150 Sy, gnUa tazlifinig
Jululsesheidunuenszua n1sanisasiarisasnazlianunsandndesls wnldle
Jn S,, lutupoudt (2) estredummesnssuaiinamaduuindle s,, Wa s,, aunsata
18 Tudumoud (3) 1s&esasazlaiiind uusin Sy, winay \flesan sy, Unoy Tudunou
@), Sy, asalaldiiotndumeensenaiirnsavisaunsasiulaliidodn s, lu
Fnsuvawusesuli 4 uney EULmeiaﬁm%wﬂajﬁﬂﬁLﬁmmié’mmimaqLma'awé’wm
Gﬁqazgﬂﬁ’mum‘[mmwsﬁmimmﬂmmé’uﬁ’uémawmmaqLmﬁulw%%uwmuaﬂmﬂﬁ%%mi
wasiannsadensuuuunisuvasiiuiuould Inefinnsanisnissnuidumanszuald
SﬁaﬁmwmmaaLméﬁ’mm@?wmzLﬁmSﬁulugﬂLLuumiLLUaQ‘ﬁwmLLammmm%’aﬂmwmmz
Wasuluiuegifuinvesnszuaodnmuas auduiusvosunusaduliiidnsugagomne
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2.5.3 115 Commutation A3835AUANNTIUELUY 2 Vumau (2C)

The Commutation from V, toV, (1>0)

Step 1 _ {1 on

Vl
High
Voltage

VZ
Low S,
Voltage. are o

Step 2 I __oil

Vl
High
Voltage

V2
Low S, Commutation
Voltage ABR T\ < complete

5U# 2.17 N5 Commutation AEITAIUANNTERAWUU 2 Funau (20)

|

777 .

\4

[
[
errror | |

5UN 2.18 ununinainis Commutation fMEISAIUANNTELAKUY 2 Fumau (20)
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gﬂ‘ﬁ' 2.18 uHuiIad@msun1sulasnssualiiuuy 2 Tunou (20) Fansuvasuuy 2
Fupouazanunsoindn Dead Time Idifiosann RB-GBTs Tudumailifinszudlvariiuagly
yhauGeasiadiounsuadnszuanuy 4 duseu (40) eesurendnnisvieuduiugiu
anu@in usssulwihndade v, > v, > Vs uazfiavnsvesnssualiiiendwaduuan s,
S, WA Sy, naneiduaindihluifiudensruaodineidu 1, > 0 wag Sy, Sy, WAL Sy, ATAS
anuz OFF Maundnszualredimmazidugud wsrzsdunaeduainddlsivhlnd s
yosusaiulaiih v, 2l defianann 1esainnisudasaussiugaludamausaivlngie
Wun1sUABLaIN S, B9 S, athslsAnudefinnainarliing udmdunsdsuaninaes

LLiaé‘fuﬁTﬁvLiJLWamamiﬂé’uqq

2.5.4 115 Commutation A3835AUANLIWUIUY 2 Yunay (2V)

The Commutation from V, toV, (1>0)

Step 1 L LLEDON Current not
flow since V;'is

}--n_higher thanV,

Vl
High
Voltage

vV, . will not happen
Low 4 Sz even though'S,,
Voltage S 0 and S,, are on
Step 2 it

Vl
High
Voltage

vV,
Low S, Commutation
Voltage on T complete

5U# 2.19 113 Commutation AILTFATUALLTIAULUY 2 Tumau (2V)
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s, i P P - i L

S, : :i :: | |: [

S5 L i | L = B
Tt t —t __17
| 1 1 |

Sb [ [ [ [ [ [

S |

Sza : : : :

Sgb :I [ [ I: :I I:

wn
0
o

|

Y-

<

~
-
A
o
—~
K

=t

77/

JUN 2.20 unugillnaInis Commutation fMEITAIUANKTIIULUL 2 Junau (2V)

SUN 2.20 wansruiilnand miunisulasusesuliiiuuy 2 Tunsulaen 1, > 0 Twisuuas
w5enulaliuy 2 Funau @indnliiian1sani9asuawnaanduluisnisUaaksssul Wil

WuU ¢ Tuneu svlnegane duududululitezanssazianiieidunisvenssualiuag

a 6

andnanuslnazgnimnualaeainuduiusussnuliinvesyay wunguesnisulasuag
wiaiuveInswlas dsuadndanusadmiviawsaiulniasannazimawsadulni

manausnegiuiildauninenuduiusvesussiulnihdunnazldsunladluagalsing

a' v u &

aindnaniuzida @ansunsanulii1szuiavaasdaaddsuliuniuaudunus vas

4599l sz @YU a N1 UBINTT WU AN DWNAINIUNVINISHUAY AIUUKIINAIES

<

msaintaazlignimualiiuaindvesszninauna uandnludesinisaing



2.5.5 115 Commutation A7835AUANLIWULAZNTTUALUY 3 TunaY (3V0)

The Commutation from V, toV, (1>0)

Step 1 f on
Sla
Vl
High Sh
Voltage o I |
—>— v,
f_on
S
V2
Low g
Voltage =1
Step 2 e,
Sla
Vl
High $:
Voltage TEN :
> \'A
§/oon
S
VZ
Low Sz
Voltage =T °
Step 3 ANER
la
Vl
High &)
Voltage s I
—>— \'A
. on
o
VZ
Low ,Commutation
Voltage el - complete

5U#12.21 n15 Commutation MgIBAIUANLSIIULANIEALUU 3 Tunau (3VC)
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V> Ve >V | S

S ommL LD 1 e -

S Hgre—m Lm0

S 10 e ||| e |

o e

e e e e

B s s Y T o s o Y T O

e e e

Sz, iii ilii ii! iii !ii ii!

San ] e D .

4
v —~NNEEEE NN R
>0 , B : =+ : |

3UN 2.22 unugiilnainis Commutation MEIBAIUANLIIIULEY

ASZUALUY 3 TUABY (BVQ)

JUM 2.22 wans nsmnatdmsunisiuaenseialasusiu 3 Tunaulagi 1, > 0 luisns

v s

wasnszuauazussulaiuuy 3 dunou JUsuUMILes axgninualngauduius
vnvesusstuliihaumaLazdIvensualeing JUuuunsaIndaasgnimunludusiy
pFsuUasussdulaiviedsuuasnssudlnih Suneunisuasiiannsodinlalnglideya
flunmses (Gz']g’mszl,l,alwsmLmﬁwmﬁm%’ﬁ%mswaaLLiaﬁ’uIV\IﬂwLLazmmé’uﬁ’uﬁ’mmWuaa
ussFuBunRA MU IWasnszudlnin) Taglidutiym ntudonsuiuunisaindaves
3 Funeu dmsuisnisulaussiuliii 3 Fupsugtiuunisaindeaansaid onldies

Wosnllfitednie (He991n995 Unlnannaran19askradndssnu) Tuanainiside / U

a o‘d‘ o a gj ng 2 o
YasaIngnaLtunstutusauilaanminaanll

Y



unil 3
JUABUNITN1A5UUNWIRaUIne TENISUUAINAIIULUU

Matrix converter NUluINIIRNUS

3.1 nanu

nAlanafeszuuneiuanlaelyse UULUaINaIIIUBUULLINS NG (Matrix convertor)

Fansinaeeszuvutlaldlusunsunanualueuaguydd (Matlab & Simulink) Tun1s91aes

JPUU Feagdlduusznaunanday 4 dupe 1.01A39358UNA (Input) 2. NIAINATARIETING

B9 3. N1AITDWNA (Output) WA 4. NANITAIUANNATANIEINTS

MatrIX Output

3Phase

Input

3Phase
Converter

Switching Drive
circuit

3Phase Ref.

3 Phase PWM signal

Qe __ |

Triangle signal

Controller

3UN 3.1 vdenlresunsuvesszuuiviuaulagldsyuu Matrix converter Mldluinendinus
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3.2 71M9359UnA (Input)

Tudwdunn (Input) fdmusenevie Lyndsiuauasyiviilunsidsundnuaat
NNNsiARBUveaN Teiynfaiuan azsioitiniy PMSG Bediof PMSG e laiflidsssuniu
desnnyaiviuaarannsadeiilnensafugaauuesinee Tnglidedyanafids (Gear
Box) Bssvuuihlaglflauue fismefuuumisnh (6) feazdosdvanaidslunisiundou
uesisne?d lumsadanszudlndihds output ves PMSG Suasdudnuazdaa Sine

ol < PN s ¢ Y o
3 phase ELUD99NLUUY Output NYNUIIINLIULUBTILILFABD S uua LIS vealdiatios

¥
v v v v ¥ v =% o

iesanagdusgiumnuiaudiiadadeiuan druisdniufazdeailszvuuvamdssui

° Y ay Yo )~ o X
Vlﬁ%iJ’]VlIMﬁﬁJiU’]ﬂA Output HUAIULENYTVU

A

3.2.1 YAI1@R9TEUUNWILAN (Wind turbine simulation system)

YAAWUANLYIWINAIAS 300 0 (Watt) Tlaluadnendnusitu awnsadeulved

Y

TugUvenvuiaemnadaanidsasduluymugun 3.2

Qk .0 _
: /\ 1 ] %
"= \IFH
ElN’ 0 T
Wind Turbine L G g g
=l )
p
Gear box Generator

- n:n,

JUN 3.2 uuudaaamneadinAansyaiaiuautuauniigs 300 106 (Watt)

% v 6 o a 6% QAI g.JI = %4 I
PINAMUEUNUSVDIUUUTIABINNANAAERNST LU E‘U‘Vl 3.1 UuU ﬁ’]ll'ﬁﬂLGUEJUELW@E‘J:LUEULLUUGUQQ

AUNTSLARNLANNISN 3.1
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1

Tgrh@a/m?2)s (3.1)

0y = [Tg-Q(n2/n)-{Bg+B,(n2/n1)?},]

= 4 2 a I3 3
18 o, A9 ANUSITYUVDAIULBTLINS
T, fio usadnvasauiuesisnes
Q e ussUnvesyAiaiuay

ny/n; A 8RIMAsERINTRATiuaNiURUWeSISNeS

(7 a £ =

B, fi9 ANdNUIE VBRI ARUANUTRUILLUDIITNDS
B; A9 AIduUsEaAVIDL I AuA YRR ITLAY
T, AD TUuALSR08 veAULBSLSINDS

J; P8 Ludlso e yn iaiuay

INAUNITANUFURUTHALUUUTIDIAMAAANT UWIZNUT TS IAULINTENUAUFITY
fauauaziiiunuwatnsefuluiswivautuiiansguimana s e agaiaiu

au (o) Feazudsunumluauiusalesvesyaiaiuau (J) uaz Adulseavsusudoamu

v
v & o

vosyarisiuan (B) warlurasiifianisvgumeniusndandunssiliioussnvesyn

'
v @

fafuan (Q) Fuindedasduinluduadnmesenitegedsiuaufulaumesinees
(no/ny) SN TdnuEd YA UaNLTIN1TdolAen TITUYAIULLOSIT DS w191
AT UV OIYARIRUAY () HaE wsadnvesganiuan (Q) ﬁ?uasgﬂdﬁlﬂé’uwm%
GuaaﬁqmLf\mLua%wmaﬁwzﬁﬂﬁﬁwmLﬁ]uLuaﬂiL@@%Lﬁmmimgw?fmﬂﬁﬁmmmL%JLG‘BWM
YBUIUUB LTINS (0p) Uaz WTITATDUIULUBILIINDS (T,) Feazudsiumulumusius

R08UDUIULUDSLIADS () uaz ATEUUTZANDUSUFIANIUYDULIULUBSLILADS (B,) CARE

Julumuufenalaezunsuniugui 3.3

Wt, Q Wg, T
Vo —p Wind turbine > Gear ratio > C?;I;jg%t;r Lg»
(Bt, Jt) (n2/n1) (Bg, Jg)

= [ v o v v [y s s
g‘UVI 3.3 ‘Uaaﬂiﬂa%LLﬂiiLIﬂ']'liJﬂﬁJW‘L!ﬁsUaﬂsqﬂﬂﬂMuaiﬂﬂUsqﬂLf’\]‘L!LU@ﬁLiLG]E’Jﬁ
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Fenudealnozunsdluguil 3.3 uazaunsn 3.1 Uy anunsolisusuuinaestulusunsuwum

uaULaUATYAM (Matlab & Simulink) lémalusud 3.4

U

D

Te

v
=
Ej

() £

n2/nl 1/((n2/n1)"2%Jt+Jm)

(n2/n1)"24#Bt+Bm
L
K-
r

JUN 3.4 Yakuudtaedlun1ave A aiuanuuInmIag 300 nd (Watt) Tu

a ¢

wnaULaUATUURIA (Matlab & Simulink)

Y

3.2.2 YainassszuuuLasisnasydauinanandsuuudalasia (PMSG)
AINANANDILUVI9TINBINNALAANERNS PMSG luun2 1ty @un15u89 PMSG g

Wuluanuaunisi 3.2, 3.3 wa 3.4 eudIeu

~, :
U, = Rig L Zigt-o Ay sin(6,) (3.2)
o od. .
Us = Rip+L iy o dpmsin(0,-27/3) (3.3)
Uc = RiA+L % it Apmsin(8,2m/3) (3.4)

wazilefiansauluguuuunseiuliii 2 walagendeunudiedevedsines d-q axis 393y
Juldauaunisi 3.5 uwae 3.6

. d. ., d
Ud = Rsld+Ld a ld-(Dqulq+ a kpm (35)

Uq = RyigHL i Hor (LaiaHpm) (3.6)
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F99INAUNIST 3.5 WAL 3.6 WU A1UITOYUTEUUTIADI MU IUTHASULUNBAULDUATULAIA

Y

(Matlab & Simulink) l¢innsluguil 3.5, 3U7 3.6

Pi2 > K-
Wi

P/2 Ffa_set

Demux
la_dg X

We*lad Lasetq

vy

JUT 3.5 9auuudnaes PMSG lugduuuussaulni 2 walpgerdeunueidvedlsines

d-q axis Tulusunsuwumuayuaunduyded (Matlab & Simulink)

o e
V dg pl diff  sqrt(2/3)
N
; x r
p2
> - b
- + + ‘
f X diff2  1/sqrt(6)
D"} uvw
> -
sin,cos s1 1/sqrt(2)

pd

JUN 3.6 gL uUIImed PMSG lugduuuissiulnih 2 wdlpgerdeunuendveddsnes

a ¢

d-q axis 10w UVW lulUsunsuuamuatiousduudsd (Matlab & Simulink)

Y

3.3 N1IANIINAIEINTVIVDITZUU Matrix convertor

NTNA1INEIUUNT2 YU 1TUdnUsEnoumMeaInduuUaRfiAN1(Bi-Direction
Switch) 91U 9 7 A93UN 3.7 Feadnduuvassian 19t ua11150AUANNITINATD

nszualniilaaesiienig faguit 3.10
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-
>
3
\&\ 2\

[72]
>
o

\

oV
SB a

=

\

Vge °Vp

%)
o]
c*

\

:Vc

w2
o]
e}

%

w2
(@]
&

<
o}
5

(72}
Q
[~

X

[72]
0
o)

E‘Uﬁ 3.7 199587@R39U89 Matrix converter

SAa

| Sib

JUN 3.8 21ATAIARTMUUINNTBUARDITIAN VDL Matrix converter

F391n3UT 3.7 duaganunsoliewtuaunisiinsaunisi 3.7 waraunsoldeuiuuinaesiy

TusunsuuamuaUuauAduyasd (Matlab & Simulink) tenslugud 3.9

Va7 [Saa(®  Spa(t)  Sca(H)][Val®)
V(D] = [SAb(t) Seb(t)  Sco®) || Va(®) (3.7)
Vc (t) SAc (t) SBc (t) SCc (t) VC (t)




Sru

Srv

Srw

Ssu

Ssv

Ssw

Stu

5UN 3.9 A2 UUT1a893993e3adua0e Matrix converter lulUsinsuuumialiaus

yyAed (Matlab & Simulink)

g, T
—a e/ X
D e =
B e o

3UN 3.10 3AT2UUTNR00ATEIARTIUUULIN S IAADITIANNSYBY Matrix converter Tu

a ¢

TUswATULINLaULBUATULAIA (Matlab & Simulink)

Y

32
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F391n3U7 3.9 duazilun1sdnaesssuuiRsaladduuuinnssuadofirn19vesssuuLUa

a L3

PAIUBUULLIMSNG TulUshnsUBUNwaULaunduLaan (Matlab & Simulink) §9398¥11n1560

Y

wuunduvsesuiy (Anti parallel) fudsgud 3.10

3.4 1R33N (Output)

I g

e dy ey 1UHIUYANIANIAIDIAGIEINGTIY09 Matrix converter Feasladayayns 3
wla anunsamuauwakasaudFeaunsainlulduld@lu Block veania Output azsie

load wuv RL load iftedaendussuvanedusialsgun 3.11

Series RLC Branch u
=0
.y v

Vo

o =\~ TTLa

Series RLC Branch v

W o

& AV —TTLe

Series RLC Branch w

. Vuww _line
-

W _wu

3UN 3.11 9A58UUT19043935 Output RL Load ¥8¢ Matrix converter Tulusinsuwunuay

LeuATLYAIA (Matlab & Simulink)
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31n3U7 3.11 uaNIINAYQyeu Output N0BNIINIITANTIAIAGTIVBITEUULURING WY
wuunsnganeluss RL load wan Feanntunagiinsuindaiausig output uredu Y
Wiguiiguiiaidnlugaasasyn Control Inverter Tng#l wla Vu azgnivSeuiiisuiuima W

Y

Feagladayaas Vuv , wla W asgnidSeuiisuiuma v daagladyann W wag wla Vw

wgniUTeuiisuiua Vu Feagladyain Vwu aantiudayay1u Vav, Vww, Vwu agruands

Mux wandu Vuvw _line oty Output reference 99419395 Control Inverter syuumaly
3.5 AIANITAIUANINRTINAIEINTS

TunN15¥M91UY9IN A9 AFIAINTTIVBY Matrix converter Juliiolivinaulaogng
gndmauayliliifinanudemeniudnduas eadesrmunt19esa e ind@anunsouusld
Wu 4 drufe 1. s¥uu Converter controller 2. $2UU Inverter controller 3. S2UU Pulse

composition 4. s¥UU Commutation %ﬂL“fJubL‘lJmanUﬁ 3.12

Srp P St Sru P S ru
Srn S -
Ssu P S su
Ssp P S st
.
Ssn P S s— Situ 7 L
Sto B St Srv P S v
Stn P S -
S.sv P S sv
edc Sup o S ut
\—F Vrst Tleg
.
carrier| Sun P S u- S.bv P Sty
Wrst_lleg Svp R S »l s w
i carrier]
virtual converter controller Sun » S -
Ssw P S _sw
Swp P S
Irst _ref
.
Swn P Sotw P S tw
virtual inverter controller pulse composition commutation

JUT 3.12 Y052 UUTaeINIANITAIUANNITAEIEINTIUDY Matrix converter lulusinsy

a (3

wUNAULBUATULAIA (Matlab & Simulink)

Y
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3.5.1. 9¥UU Converter controller

52UU Converter controller luingniinusiiazldinainisnisauaulagld PWM lunns

[y

AIUAY tnendnn13aylddyeyias Sine 910 output ¥es PMSG WuUSeuiisuiudeyayna

Y &

Triangle signal Audsazlamdudyau Pulse Fedtyey1ad Pulse diodpn duty cycle aziinng

AuUslAUdya Sine fagun 3.13

Amplitude

Va Vg V.

1 I 1 S T T S
o 0 Y O 5 G NACRLE
| PAARNAL A PN I | S < 1

3.13 e Pulse Aldannisiuisuiisudyiusening dyeiu Sine

(@)

)
[l
=D

Ly

AU dayeyed Triangle

= % a ! Y Y PN v & o a ca
Fea1nrannisinauI TR udyn Pulse Nlauuagihluldlunisauauiasaiandes

Matrix coverter siall Famsadeuluvionlaozunsulanaguin 3.14

Voltage reference Single PWM
3 Phase output from PMSG > generation * modulation (_:onve_rtor
side Signal

Triangle signal
carrier

UM 3.14 vdenlaezuniunisadne PWM Tudiuvesnia Converter Mldlunisaiuay



Vrst

Vrst >—>I:—>

P Vr

Vs

P vt

Vrst_ref

-

voltage reference

Vrlleg

Vslleg

Vrst_ref

Villeg

edc

I Vrst_lleg

36

>(7)

edc

generation block

1leg modulation

carrier!

Triangle carrier

carrier|

—(1)

Srp

—(2)

carrieri

PWM signal generator

JUN 3.15 9AuUUT1R8IN1ANITI¥UY Converter controller Ingld PWM lun1smiuauvas

Matrix converter TulushnUwUNLaULOUATILY

In1 Outl

p.u. convertor

In1 Out1

p.u. convertorl

Ini Outl

e

p.u. convertor2

a

Y

L3

Discrete A >
abe 30 angle
PLL
mag »—]
L g
0 > P cos
0 & cosf/A
P+
-2/3"pi » o+ P cos
-2/ 3%pi FE-2/3%pi cos(f £-2/3%pi)
B+
2/3"pi - P cos
2/3%pi FR2/3%pi cos(FE+2/34pi)

adA (Matlab & Simulink)

Vrst_ref

Vrst ref

5UN 3.16 YauuUTAedgoeynnLilnulseiuen989193552UU Converter controller lu

TUsunsuuamiaUuaunduyad (Matlab & Simulink)



I
:

D >

Vrst_ref

:
:

Vrileg

Vslleg

é

— X _

S B e

| +

> U P max
- edc
max(|C1V*]) edc

P +

=)= > |u

Villeg

37

JUN 3.17 gauuudiaesges lleg modulation 293338UU Converter controller Tulusunsy

L aULeUATILAR (Matlab & Simulink)

0=

i

Pulse
Generator

200

carrier]

5UN 3.18 YAuuUT1a8egeY Triangle carrier 193558UU Converter controller Tulusuns

WUNLLAULBUATLUAIA (Matlab & Simulink)

Y
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1
ILr - . q . - [
0 L o AN (1)
Srt
NOT > AND
1 not_S_uw Sr-
O L
—h 4 - .
Ls Ll 4_‘ = AND
0 " Sst
MOT - AND
4
1 not S wu Ss
T Ly
nl - Lan = »
It - '—r._‘ _ | AND
St+
|
carrier] & ' AND
not_S wy S t-

g‘lJﬁ 3.19 quwmiflaaquas PWM signal generator 293558UU Converter controller Tu

a (3

TUsunsauumiaUlounBuyaen (Matlab & Simulink)

3.5.2. 3¥UU Inverter controller

N1SLUBINAINULUY Matrix converter fuazﬁwmws converter Wag inverter Tugas
mmﬁmﬁmﬁaﬂmﬂ% switching U89 Matrix converter ‘ljju gunsatnszualagesiAnig
Tundlesa Fedrufiuvesszuy nverter controller fuasdinasviaulniiAssiuys
converter controller uiariiauuansislunisléasrsdaao triangular carrier Fsagiinng
indaysy1ad triangular carrier ¥83YA Converter controller W1dLUSgUBUAUNTERAVDY
Input 39azvilmAndyaynas triangular carrier §1915UYAVD4 Inverter controller ety
a¥adyanas Pulse LielunuAN23as switching 484 Matrix converter 483ils Output siold

A

= o o A = <, I =
bm‘waﬂmimmumanmmmaaLeuaumuuaaﬂlﬂazl,mimmg‘dw 3.20
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Phase command

voltage }

X
(Cross product)

»! \Vuvw_refer signal

A

Y

Vrst_1leg_Signal <+) »| PWM ér;;/ﬁ&rltler side
/'Y

Triangular Carrierl
(Converter side)

Triangular Carrier2
(For Inverter side)

Irst ref
(Converter side)

U7 3.20 vienlaezunsunisasadyyin PWM ludauvadnin Inverter Aldlunisauay

Feanudenalnezunsulugui 3.20 gnsoiundeussuuiaesluwalulisunsuwunuay

FaugAed (Matlab Simulink) Téfsgu7 3.21

Vst Tleg

* P Ve 3 _@

Yy

Sup
9
L w Sun
.
Viautiok Vkor &
Phase command voltage S
x P Wk

carrier]

carrier]

Svp

Swn
5w

Swp

carrier? [ carrier? 2w
Irst_ref Swn
Irst ref - , Inverter side
triangular carrier 1 PWM signal cantral block

5UN 3.21 YAUUUT1ABINIAITIFUY Inverter controller gl PWM Tunismiuauves

a (3

FEUUBYAINAIUBUULLNS ND MU US BN SULLNBAU LD UATULAIA (Matlab & Simulink)

Y
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b +
+ —LF cos Vuvw ref
. o FE -
Discrete frea—»—J - costE
(\j ™ u PLL &ngle + -+
. . ¥ cos
Sine Wave mag |—%—] — 1 —
213 -2 Prpicos(f £-2/ 2epi) Wim
-2/ 3=pi
. _|-P cos
b+ cos(fE+E Skpi)
2/3°pi FE+L/ T

2/ i

5UN 3.22 YauuudIaeages Phase command voltage N1AATIEUU Inverter controller

a [

TulUsunsutambavtounduydsn (Matlab & Simulink)

Y

fj;xs% A\

carrier2
O
| 1
_/_ > il b

Y
+

D -,fg

carrier|

1

Irat ref

Y

h

1

-

gﬂﬁ 3.23 ﬁmmmﬁ"}aaaéaa Triangular carrier2 7A9A53E U Inverter controller Tu

a ¢

TUswAsuINwaULBUATULAIA (Matlab & Simulink)

Y
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*
:\m ol > » 1)
— Su+
i}
Su-
Pu-
1
.— St
0
noT (4 )
S
P_w—
1
- ol <
— S wt
0 NOT
{ : — _— : ~-
carrier? Pow— "

JUT 3.24 Yauuudraesees Inverter side PWM signal control block n1A99538UY

a s

Inverter controller Tulusunsuuunuaiuaunguyasn (Matlab & Simulink)
3.5.3 52UV Pulse composition
YATLUU Pulse composition Huagyimihuieuiigudyain Pulse N1AA1NYAI993
Converter controller wag 9 Inverter controller Tawagld Logic gate circuit wazld9as D
Flip Flop Tun1siUSsuiisudayias Pulse ivaaiedyayraniuanludagm Commutation

warmuaNaIndwoly Fwzilulunuvdealaozunsy augui 3.25



Pulse Input

converter side phase + (Sr+)

-
AND
—
Pulse Input
inverter side phase + (Su+)
Pulse Input
converter side phase - (Sr-)
AND
—>!

Pulse Input

inverter side phase - (Su-)

gﬂﬁ 3.25 UheAlnzlnTUNITTUYRITTUU Pulse composition

M1519% 3.1 M1519AINTSIVBY AND Gate

OR

A Output
0 0

1 0
0 0

1 1

(51'15’1\117; 3.2 ANTNANNINUDY OR Gate

A Output
0 0

1 1

0 1

1 1

D flip flop

42
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[

Falud1uve92995 D-Flip flop Huagyinii Delay dygraulasazordedyqyiu Clock Tu
! dll % | . o N a X

N15AIUANAT Output +iiaa319%39 Dead time Y84y qy1ad pulse N3gLinTulu993

Switching LilaUaariun1s1Anns short circuit nelua93s #92935 D flip flop agtduluany

5U7 3.26

CLK —

X

g‘dﬁ 3.26 23993 Logic gate w89 D flip flop

A1 3.3 F1319AIINATIVES D flip flop

D CLK Q
0 0 0
1 0 0
0 1 0
1 1 1

Faanugfl Ao e Input 191 1u198idu 0 30 1 61 Input CLK 13w 0 (veuw1as 310

[
) I

1—0) A1 Q azliifin1sasuwiasainaauzneuniingd deunilewiaoiuszd 2 fe e
input e L9190y 0 ne 1 &1 Input CLK Wu 1 (wevwiuain 0— 1) d1 Q 9z
WasuwUasluny Input D eanndinamunieaiussuunisieuees Logic sate uaz D-flip
floptiu AUN30UNNATNTE VU188 LAANIATIITTEUY Pulse composition Tulusunsy

a (3

TusunsuusmuaUuauAdyAEd (Matlab & Simulink) lémuguil 3.27

Y



a4

CO—
5
O
Sus Rl ol )
e - : - [ e, S ru

OR o

oR o | D

X L S,

¢
g

AR AR Sefar e e Gr

OR »o) o D

=

OR o
oD

i P .

;
;

JUN 3.27 YALUUT188901ANATIZUU Pulse composition Tulusinsuuunuayuaus

%ug?mﬁ (Matlab & Simulink)
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3.5.4 58uu Commutation
52UU Commutation HUABTFUUTIVINMINT ATUANNTSIALALANNIVBINTEUAYDIMN

aintstaduriianuy RB IGBT Bi-direction switch fagufi 3.28

SAa

| Sib

SUTl 3.28 aindanilauuy RB IGBT Bi-direction switch

F9n15380"3 Commutation HuABnsAIUAN 5 wuudaefy Ao 1. n13 Commutation #1873
AIUANNTIALUY 4 Funau (40) 2. 115 Commutation #I83BAIVANLIIFTULLY 4 Funoy
(aV) 3. 113 Commutation A1835AIVANNTLUALLY 2 Fuman (20) 4. 113 Commutation
FheTBaruAuLIIRLLLY 2 Fusau (2V) 5,015 Commutation fIe3BAIuAuNsLALAL LIIRY
WU 3 fumeu (3vC) Fsluinendnusiazldituuunis Commutation F1833AIUALNTEUA
WUy 4 Jumey (40) iflesarn fuisifianuatesgs feonrafiagiinnts short-circuit 703

(%
(Y ae

WATAIRTINETIAALURT 5 3 Fadnnisvieuasdulumugui 3.29 waegun 3.30



The Commutation from V, toV, (1>0)

Step 1 _f on
Sia
Vl
High S
Voltage 1 |
——\
S
Ssa
V2
Low S,
Voltage -1
Step 2 e,
Sla
Vl
High S,
Voltage 57177
|
0—0>—o V.

VZ
Low S,
Voltage =T — °
Step 3 X, (W
Sia
Vl
High P
Voltage oS A
»l°>—o \'A
f..0n
V2
Low S,
Voltage =T
Step 4 L\
S].a
Vl
High S,
Voltage T
ID
—— V.
{_on
SZa
V2
Low 5, Commutation
Voltage =T complete

JU# 3.29 N5 Commutation MEITAIUANNTELALUY 4 Tumeau (4C)
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a7

771777
- 7750

N

I

JURDY

sUN

U

=

(4C)
UUAWTEY

(40)

VURNBU

SLEALUU 4

gudlluy 4

ANUIOAIUANNT

%

AYADAIVALAST

v

Commutation

3.30 LUUNEIAIN1S Commutation

kY

FI9INNNTVINIUVDS

S

Y

Y

fluga Commutation T@easUT 3.31

Pulse composition

q

s

ZUNTUAMUAUNUSYR

1%

Wuvdealas

<

P S ru

P S _su

P S tu

» S rv

P S _sv

P S tv

P S sw

P S tw

Sru

Sr+

Sr-

S_su

S+

S_tu

Ss-

Srv

St+

Bk

S.sv

Sut

S tv

Su-

St

S sw

S.wt

S_tw

S.w-

commutation

pulse composition

sUR 3.31 udenlne

v

q

Auym Commutation

Pulse composition

s
9

LASUAUFUNUTYA

@
o
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o

F991NFUN 3.31 WUAENUI1995 Commutation AwTUFYEYI94U89 Pulse U09YAIIT Pulse
composition MilaannsiUTeuiieudyaa pulse 581313993935 Converter wag Inverter

Fylugn Commutation tuausaasaduyninaeslinaniaieesszuu Commutation lag

a 2

TUswnTuaNLaULaUATULAIA (Matlab & Simulink)

Y

Sru S.rub
Sruf
Ssua
Ssu Ssub
S.5u
Stua Stua
@ ™ 5.ty
Situ Stub Stub
£ tu
Srva
Srv
Sava
s Saus
Sevi
Stwa
(@D {5t
S_tv S twh
Stv
Srw.a
X D
5w
5swa
Ce) P 5 sn
S g ST
Ssw
Stw.a
2 P st
Stw Stwh
S tw
Astep current commutation

commutation judgment

JUT 3.32 YALUUT1ABIN1A93TIEUU Commutation TulUsunsuuamiauwouaBuyan

(Matlab & Simulink)
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s

5UN 3.33 gauuudtassgegludin input 39nYn Pulse composition AMANATTEUY

a ¢

Commutation TulUswnsiumualuausduyasn (Matlab & Simulink)

Y

6

S_ru_a S sua —@ Stua
®—’ Sru Srua @—F S.su ' Ssua @-’J Stu 5
S.ru Srub ssubl»(4 ) Stu | Stub

Srub Ssub b

7]

w

c
(%]
g |wo
'w

. Im é
— g
j—y £

y

Ssva L@ Stva
Ssv Ssva Stv S
S.sv S.svb P Stv Stvb

Ssvhb

Srva

'+
=
W

[
32
7
2
o
?

é;
)

Sorv Srvb

[4]
<

=
(7]
-+
=

(=2

9
5

Srw.a S_sw.af— Stw.a
Srw Srwa Ssw Sswa ®—> Stw Stw.a
S.rw Swb S sw S.swb (16 ) Stw stwb (18 )
Srwbhb Sswh Stwb

5UN 3.34 gauuudnassgegludiu Commutation fI8I8AIUANNTERALUU 4 Junau (4C)

a 13

999N 39919 9 /7 TulUswnsuwuMLaULaUATIULAIA (Matlab & Simulink)

Y
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- ,—P-I_\\—

3 =1 L,

= PN S 1)

| g
— N Sria
p 772 ' >
D1 D] Frmmm>t
Sru_SsuStu Ssu:Stu_Sru

p 773

()

-
— Srub
4

—
h :‘F
7
Ll 'y YYY

Sru

5UN 3.35 yanuudnaedgesludiu Commutation MmedsauaunsvlaLuy 4 Tunou (4C)

a 3

9987039 1 77 llUswnsusuntaUkaunsuuden (Matlab & Simulink)

)



unil 4
NNSNAFDUIZUUNISYINIUVDITZUUNAUAUNER
nszualnfnlasldszuunisiuasnassru

LLUU Matrix converter

4.1 nanuI

Tuund 3 WWeSursnisvheauesusazudenisastesdithunldenlunsesnuuussuy
Tetuauwannszualiliinlngldsyuy Matrix Converter Sneiinusatull ssUszneudae 1.
yadnaesszuuiiualagld PMSG 2. ynsiandssuy PMSG 3. n1asasidaainddaveq
YUV Matrix Converter 4.11A249% Output 5.11ANITAIUANNITMEIFINTI 6. YATLUY
Converter controller 7. 4n3¢UU Inverter controller 8. Y58V Pulse composition 9. %4n
$%UU Comrutation §sbuuni avvendafanisdinesanafildlumsnnaeuuasnans

NAAUBITLUUNTYINNUTBITE UUAWLaunannseualiilaelassuunisuUasmaseuuwuy

Matrix Converter TulUsunsusuntaukaunduuam (Matlab & Simulink)

kYl

4.2 W1s1dmasn iU lun1snagau

luidetiaryinisesuiemiiwesnldlunisveaounisviarugaseuunne tu

TUsNSULNLAUWRUARULAIA (Matlab & Simulink) sasaluil

kY
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4.2.1 W15 I lun1INagaUYnT1a0IsTUUA iNaNIULUBS ISNa SYiln

waiwanaasuuudelasua (PMSG)

[vol

]

[wel

[Tel

P _zet

iig_ref

optimizad

We_ref, PW set

pitch_angle

Wi

power

tarque

thrust

X

Wind turbine Model 200w

Te

Q

Wi

Wind turbine Model 300w Machanical Model

CaNl

b [Werefl | [ e = Te
PMSG do Model
< Dl |
__ Vg [wa_ref do]
[x]
Ve do_ref control block
Vg Limit [
vt S
-
,—m ) l_,
-
! ) Tvm

Va_dg convat to UVW

U9l 4.1 gdaeasguuiiuaugaauuesismesostslasiariinuiming1is (PMSG)

A5 dw s lglunvageuredludIunIAYATE VUAITUANLAL Y ALANLUDSEILADS WUU

Falasilaviauiidnnls (PMSG) aeilApunsied 4.1

M13199 4.1 ArnsdiwesildlunismaseuvedludiunIAyasE UUAILAULALYALIULOSLS

wasestalasTariallwanniig (PMSG)

fanus aildlunissnans | e
Wind turbine model block
Wind low Speed (Vo) 5 m/s
Wind high Speed (Vo) 28 m/s
Wind turbine moment of inertia (Jt) 0.104 kg.m
Pitch angle 10 deg
Gear ratio 1 -
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A15199 4.1 (919) ArndweinlslunisnaaeuvesludiuningassuuiviuaLLA ALY

LWB5L5Ma5 03T 9lAs AT TALIMAND1S (PMSG)

PMSG Model block
Rate power 300 W
Rate Voltage 200 V
Stator Resistance 1.42 Q
Stator Inductance 0.47 mH
stator flux 0.07 Wb
Pole number 16 -

4.2.2 W13 3wasnlElun1sneaauyndInaeszuunIa Input A1 Output LAZAIA

2995NNA9EINTIVBITSUU Matrix converter

L

Ll
W
clamp circuit
W — Ini r R u u
W] —] In2 5 5 v v
in] ——{In3 t T w w
3 phase voltage source matrix conveter 3 phase RL load

5UN 4.2 9991893958 UUNA Input N1A Output UAE NANITNAETINTY

YBITEUU Matrix converter
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ATdmesnlglun1agauvesludiunia Input A1A Output LAZAIAINITAIIAINTS

98952 UU Matrix converter 32LAMIUAITINN 4.2

A1519% 4.2 Amnsdieesnidluntsmageuvesludiunia Input 1A Output LATAIAINAT

ANANEINTIVDITEUU Matrix converter

AU AMlglun15aNaee | U9

3 phase voltage source model block

Resistance load 0.01 Q

Matrix converter model block

Resistance of IGBT Ron 0.25 Q
Inductance of IGBT 0.1 uH
Current 10% fall time of IGBT 1 ns
Current tail time of IGBT 0.02 us

Matrix converter model block

Snubber resistance of IGBT 10 Q

Snubber capacitance of IGBT 0.1 uF

3 phase RL load model block

Resistance load 15 Q

Inductance load 10 mH
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4.2.3 W1311ma 39 14 lun15MA#aUYAT1809TEUUAIUANAINTIVDITIUY Matrix

converter

edc Sup —— Su+
—l—b Vrst lleg
carrier] Sun ——{5.0- S g bl
Vst Tleg Sup [——{Sv Srw »{S W
carrier]
virtual converter controller Svn —{ 50—
Ssw 5 5w
Swp W Swt
Irst ref
Swn W Stw S tw

virtual inverter controller pulse composition commutation

JUN 4.3 99199952 UUTZUUMIVANEINTIVDISYUY Matrix converter

AN3TR N IUNINAERUTBITEUUAIUANETINTIVBITEUY Matrix converter adlAmy

AN599 4.3

M157199 4.3 AmnsdmesnldlunisnegeuvesludiussuuamIuANEIATIVEITEUY Matrix

converter
fawds aitldlunssnaes | wioe
Converter controller block
3 phase PLL P gain Loop filter proportional gain 200 -
3 phase PLL P gain Loop filter integral gain 2000 -
3 phase PLL Initial frequency (Hz): 60 Hz
frequency of triangle carrierl 2000 Hz
Pulse Width 50 %
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A13199 4.3 (68) AN1TEme Tk lun1sneaeuvedludIUTEUUAIUANATIAT 1YBITE U

Matrix converter

Inverter controller block

Sine wave generate refer amplitude 1 -
Sine wave generate refer frequency 50.0 Hz
PLL 1 Phase detector integral gain 1000 -
PLL 1 Loop filter proportional gain 400 -
PLL 1 Loop filter integral gain 20000 -

PLL 1 Initial frequency 50 Hz

Pulse composition block

Pulse generate for CLK signal of D flip flop Period 155 S

Pulse generate for CLK signal of D flip flop width 50 %

Commutation switching block

Timing of commutation step change 5 Ms

4.3 HANISNAEDUILUUNITNNNIUVISZUUNIUauNannszwa lWilaeldszuu

Matrix converter

lumsdaessruutivasimsutmngeudy 2 Beula Ae Beuledl 1 sxduiirungs
auft 5 m/s w3 20 km/h aduanuiSasi (Wind low speed) Uay Feuladl 2 fe Anuga
aufl 28 m/s w38 100 km/h %qﬁumwmﬁaqa (Wind hi speed) %aiumwammaauﬁ?uazﬁﬂﬂﬁﬁ
Tuiinwanisnaaousiedl 1. Ausasiu Input 91n PMSG vaugalairuluan (Vrst) 2. A1LSIsY
Input 1A PMSG vauzH1uluan (Vrst line) 3. A1nszid Input 1A PMSG 4.A0591 Output
1NYALUAINGNULUY Matrix Converter vnugdslinuluan lnadalainugansosdayayio
ANLAA (Vuvw) 5.A1U598U Output 91NYALUAINEIULUY Matrix converter vz dalal

H1ulvian IngruyansesdyaIamman (Vuvw fillter) 6. A1L5I0U Output 31NYALUAS

WSNURUY Matrix converter vaugiulnanaeds lagdaliniuyansesdyayinaiud e
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(Vrst line) 7. ALS3A1 Output IMNYALUKINSINUWUY Matrix converter vpiznulnanane
de Ingrugansedyaanudni (Vrst fillter line) wag 8. AINTEIE Output INYALUAS

NAWULUU Matrix converter

Vrst input low speed

gﬂﬁ 4.4 p1usa8u Vrst Input (low speed) 970 PMSG wguz8aliinmlnanaiuisas

Vrst input hi speed

100

-100

H

0 2 4 6 8 10 12 14 16 18 20
Time (Sec)

JUN 4.5 Ausedu Vst Input (Hi-speed) 210 PMSG vauzdaliiimulnanainuniigs
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9N3UN 4.8 AILTIAY Vrst Inputann PMSG sz aldinulnanninusin Auseiuliias

#1737 Vrst Inputann PMSG sauzdaldnnuivanminuniage aslugui 4.5 Jaausaaului

ANILEIAIAINAIINAU 25 V uaelinaunsigeasedil 150V

<

| \ | I‘l | | / "‘ [ I" \ | \ \ |
2 \ | V) \ , \ | # AR A / WA / \
ad S Y AV A VA VA V(Y 1Y A VAR VAN VAR VRNV A
\ N \ \ N 1\ A \ f \I 3 f“l‘ \ [\I‘
207 ’; \ /f \".\ /\ I\‘u /F \‘% /\ \ / \ /\-\ / ‘.\ / “.\ ‘f ".‘ / ".‘ #f ’f '.‘ /f i
‘I II | camll I" ‘J I" I" 'J ‘I‘ \ \ I‘u I‘. V] I‘l | I‘l "u
v o) 2 VTSRS L
| \/ \ / | \/ N\ /) J \ o \ / Iw ,j \ j VoA
i /\ II‘I‘\ 1'/\ f/\"\ / F\I\ﬂ \" / \I‘% /\“\ I"‘. ff,\"\ / \'ﬂ‘ /\"‘.I / \‘"\ f I‘"‘ ﬁlﬂl" "{ﬂl"w.
| .‘ ' E I E) WA A ) | \
Aok A s = YN
/ \ f — D W Y/ b N\ N | | '*./ | ,‘! H‘.‘/ ‘.,‘ f \,’ / \
20:\/ \/l l" |\'/ \'/}\ "/ \j \f' it \ ‘I\u‘ \i I "‘ I‘U’ \/' I \ i/h
198 1982 1984 1986  19.88 199 1992 1994 1996  19.98 20
Time (sec)
JUN 4.6 MnvgngdIAILTIAY Vst Input (low speed) 310 PMSG
wnugdalariuluanaiadei
1 > Vrst input hi.speed
2 _ .|| A ; \._‘I I!- ";ll / /‘.‘ f‘.. I‘," -] }f, ..‘ i M\ A /
| | f | .'I | f f
100 |/ / / ! | f
J \ / 4 / /
f { A [ f r
100 - { f { Ny -
| [ At \
-100 - ' ¥ '
100 ;
100 - _ Ay VA \
19.97 19.975 19.98 19.985 19.99 19.995 20
Time (Sec)

g'dﬁ 4.7 nNvE8dYI1AILTIAU Vrst Input (Hi-speed) 210 PMSG

Youzdlainiulnanenusigs
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IINFUN 4.6 Mnveedyay1AIusanu Vrst Input (low speed) 910 PMSG vauwealaininu

o o
Y o

Tnanausaein mslvesdygiaiuaziinnadfisini Vst Inputaan PMSG vz dslianu

Inanausags aalugud 4.7

Vrst line input low speed

|
0 g 4 6 8 10 12 14 16 18 20
Time (Sec)

31]17'i 4.8 Au33du Vst line Input (low speed) 311 PMSG vnuzi1ulvianadngis e

Vrst line input hi speed
200

=200

0 2 4 6 8 10 12 14 16 18 20
Time (Sec)

JUN 4.9 Au39AU Vrst line Input (Hi-speed) 910 PMSG vaugrulvianauiiias
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9In3UT 4.8 AUSIU Vst line Input 910 PMSG saugritulnanaaniaen Ausadiulninee

A1N37 Vrst line Inputatn PMSG aaugiulnanadnisias asluguil 4.9 deauwseiulnil

AILEIAIAINIVINAU 40 V uaelinansigeasedil 250V

Vrst line input low speed
a0k [ \ f‘ ASREA /\.‘ f \ ANEAN A

A A ‘. f'm"u Awd / \ fﬂ‘w A /

A S e e B S R S O R AL B R A
orf L[ F VIV Y \

L N N I A L O O s O A [ N I O A O

wf AV \

407 A A :‘- \ \ I’-’\‘ ;':\\'. | \\ ‘;"(\"-‘ \ . ;.-‘\,‘I

2004 e "\ f = \‘ == 4, iy \ w WAwa . "
R = s BRI YAITA

‘I '“'""‘--"‘u-‘:‘u."".il‘i'l‘l"n."‘l"‘:"l".;':""‘I‘".:‘J‘
_zu—";'\‘f LN AA | |

| \ [ ‘ | /|
| . \ | \ :F \ T V| { ;‘ ."‘. :F \.‘ ; \ \
-0l i UNUNNNW /7 27V 2V RN \
40 \ A iﬁ"‘\ ;ﬁ p;r | ’ fh‘ "{\‘-‘ A -"\\" A A | \
([ / ! [\ \
20 —f A— ‘ ‘ |

|\ / \ *"‘I \ /’ \.‘= J-‘l \‘.‘ I‘Ji ‘.\ ‘ ‘.‘I‘ ; "‘, I‘I‘ \I‘I ‘:‘ 1|

\ ,' \ \ J! \ Y | \ \ ""‘ ..‘I I‘a ."I ,"‘I I‘-‘ :;- I"w

\"f' \/ \\-"‘ "/ NV it/ Ve Y W/ \', Y, \

19.8 19.82 19.84 19.86 19.88 19.9 19.92 19.94 19.96 19.98 20
Time (Sec)

g'ﬂﬁ 4.10 M NUNBAYYIUAILTIAU Vrst line Input (low speed) 370 PMSG

YuzrulvanALLS 8N

Vrst line input hi speed

2004 ‘. .l{ .‘"I .‘ [\‘ \ 5 ] ‘. | - |

] { [ ! f ¥ |
\ | \ \ 1 |
I’l | | N f f / / !
=200 - \; ' / J
R 4 £ . / s n -
200 f \ '~ \ e T+ ht 5\ Tk / )
f | [ 1 CA f 0 | | /A
R | | - | ] G |
] e e e e ! RN
o o / \l | ‘
| | / \
=200 /

200

t 0or

19.97 19.975 19.98

/ / \/ / A\ / l'.‘
19.985 19.99 19.995 20
Time (Sec)

gﬂﬁ 4.11 AMNVENEFYQYIUAILTIAU Vrst line Input (Hi-speed) 370 PMSG

YuzEnUlvanAII5 g
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mﬂgﬂﬁ 4.10 ANVYNYFYYIUAILTIAUY Vrst line Input (low speed) 91N PMSG Uauz kU

o P
U IS o

TranAusan AudvesdyaaTuaEiinudNeind Vst line Inputann PMSG vage1Y

Ianmansige aslugun 4.11

Irst input low speed

0 7 4 6 8 10 12 14 16 18 20
Time (Sec)

5UN 4.12 d1nsgud Irst line Input (low-speed) 310 PMSG A3

Irst input hi speed

60 -
40 -

Wi Sl ~W/ 3% AT
- SRYISSNEN S S/
20k — -
20k pr @ W\

_ I v AN S
' \99&’!’11@"\‘@

20 F — , .
20 ——
’
-20 1
0 2 + 6 8 10 12 14 16 18 20
Time (Sec)

JUT 4.13 dAnseua Irst line Input (Hi-speed) 310 PMSG A213157g
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9N3UN 4.12 ANTEUE Irst Input 910 PMSG BuzAILE6 AINSSUAIZAINTT Irst Input
9N PMSG vaugimulnann1uiags adlugud 4.13 Fernnssuaninuidsnaanazimiiiu 1 A

= < 1l = < ° a o = A <
LLan]ﬂ’J’WiJLi’JQQ‘\JSBQVI 20A BAZNAIULIINIALENA q;@ymmmummmm‘wmmmgﬂ

Y
AAATANMAAY

2 F

AN

19.8 1982 1984 1986 1988 199 1992 1994 1996 1998 ?.U
Time (Sec)

JUN 4.14 awvenedaanaainszud Irst Input (low speed) 370 PMSG 9auzA2135961

Irst input hi speed

(v ] o a
60 | ;
Y
o
200 -
201
] ¥
of \
1
20| 04
20 -
or
20k
d ' ‘ ; ' 3
19.97 19.975 19.98 19.985 19.99 19.995 20

Time (Sec)

JUN 4.15 nmenedyeiuAnseud Irst Input (Hi-speed) 970 PMSG vaiga 1578
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[

9n3UT 4.14 nMmveedyayIaAnssua Irst Input (low speed) 910 PMSG Uauga 567

= a o

AUDvDIAYITLAETAUATIAINTT Irst Input 910 PMSG aizAIgIas Adtugui 4.15

U U ra dl
LS ANWEUS aumunmlmmmmw

Vuvw output (low speed)

1
0 2 4 6 8 10 12 14 16 18 20
Time (Sec)

5UN 4.16 AU3IRU Vuvw Output (low-speed) INYALUSINGNULUY Matrix converter

YpuzdalinulnanmILLEIFn

VYuvw output hi speed

100

-100

0 2 - 6 8 10 12 14 16 18 20
Time (Sec)

g‘dﬁ 4.17 A530U Vuvw Output (Hi-speed) 31nYaLUaangaauikuy Matrix Converter

Youzdliiulnananmsag
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INFUN 4.16 AU Vuvw Output MNYALUSINSINULUY Matrix converter vniz ksl
HUIAAAILE AT ATLTIAUIZAINTT Vuvw Output 31NYARUAINEIIURUY Matrix
Converter vauzdalirnulvananudags adluguil 4.17 Fadwssduausinianasindu

25V wagfinnusigaazegi 150V

Vuvw output (low speed)

20 | ,

|
o L T

M e
-20

L Il i | |
19.84 19.86 19.88 9.9 19.92 19.94 19.96
Time (Sec)

| Il
19.8 19.82 19.98 20

5UN 4.18 A mugnedaya 1ALl Vuvw output (low speed) 31NYARUAINEIULUY

Matrix Converter vpuzéalainnuluanadnusis
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Vuvw output hi speed

100 - - |

v ] o

~100f

100
ol
7100 '

100 |
of

-100 i

1 Il
19.84 19.86 19.88 19.9 19.92 19.94 19.96 19.98 20
Time (Sec)

1
19.8 19.52

JUN 4.19 amuenedyaauaIusesiu Vuvw output (low speed) 31n¥ARUAINEIULUY
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Vuvw fillter output hi speed
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Vuvw line output hi speed
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Vuvw line output low speed
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Vuvw line fillter output lowspeed
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Iuvw fillter output low speed
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4.4 a3
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Abstract:

In this paper, the AC-AC converters uamg 2-step comrent commuatation, 4-step cwrent commutation, 2-step
voltage commutation, 4-steps voltage commutation, and 3-steps

commutation will be used for a power

voltage-current
comverter system are proposed. The system 15 simulated and calculated wath MATLAB/Sioulink. This paper discusses

each mefthod, 1ts difference, and 1ts power loss.

Eeywords: Matrx comverter, Con method, Sam

—

Suntching loss

1. INTRODUCTION

M—Mcmmﬂnmadfm’hmsfﬂmmgﬂﬂm
with one frag de to another mamly
m&dmﬁemnfmmdmdﬁtmﬂm.ﬁm
converter (MC) 1z an AC-to-AC converter which means
the mput anqumtareﬂﬂ[l] Its efficiency 1s high, and
the system 15 small compared with genmeral power
converters. In [2], the multi-speed wind power gensration
gystem that wses a back-to-back PWM comverter is
proposed. ‘This method needs a lot of switches, and ths
control system is complicated. In [34] The power
conwverter is made of a diode and boost comverter circuit.
The system cost less and is less complicated bat shil
neads a D lmk to fimetion the same as [5] which
proposed a power converier made from the diode bridze

rectifier Tlnmalrixsysh!nanmdnmﬂmsymcm‘t By - g

matrix  cirewit used mme  bidivectional td:lE P .
constrocted using IGBTs consiruct m the meverse- .

blocking method. The way to lnk two reverse block g '

IGBTs m parallel and reverse 1s efficient and commonly [ e \ ¥ ,
wused [8,9]. MC is mainky grouped mto two methods, the r 7 o \\ O ’%_E =
mdirect and the direct method [9]. The mdirect method aal L

rectifiers and inverters by their relation between output WAY =
o g e e . =1
methods’ loss expands due to the carmer PWM switching Ly L2

comparson mereases. The switchmg losses are the som
of the losses mewred between the enmtter and collector
of the reverse IGBT and the losses incurred at the pate
mipedance. This research simmlation topology of 2-step
current commutation (2C), 4-step voltage commutation
(4V), 4-step current commutaten (4C), 3-step voltage-
curent commutation (3VC), and 2-step voltage

the losses betwreen the emitters and collectors of Reversa-
Blocking Insulated Gate Bipolar Transistors (RB-IGBTs)

978-89-93215-25-0/22/$31.00 {©ICROS
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are caused by a difference m the sequence of
L MATRIX CONVERTER SIMULATION

1.1 Commuiation method

The MC construct of using six mmits of EB-IGBTs for
every phase as the state m Fig. 1. The woltage
presenfed i [9-11]. The voltage commmtafion determines
tha itching  sch d ding on the relative
ngnhl&sufthzmdtm]bgu P, Fa, and Fy The
curent commutation  defermnes the  commutahon
patiemn basad on the direction of the outpat cumment 1[12].

Fig_ 1. The basic exrewt of the matrix comverter.

1.2 2atep current commutation method (2C)

The 2-step commmtation method 1s proposed m [12].
Thas process focuses on mamtaming the conduction path
of the output current. The short ciremit did mot happen
because the others are off In this case, the 2-step
uxnnm.lzhnn can nmstm:t A gate muhn:e loss 1s

the switchi
Howrever, this type of erewrt requires the detection of the




cwrrent polarity on the cutput termunzl In addition, a
switching voltage 1s applied to the zero-output cuwrent.
Thes is because error detection can happen based on the
sensor efficacy that measures cwment when the output
current cuts through about zero.

Fig. 2 shows the tmetable for a I-step cwment
commmtation (2C). Mormally, the system 15 using three
sets of switches, but the diagram will keep 1t at two for
simple understandng since the diagram i1s used for
explaining the concept of the switching system. The logic
of the timetable of switching comes from the
understanding of the IGBT swatch and simulabon The
step interval of commutation 1s 5 ps per | step. The first
step m the hmetable will start when the process oecurs in
the dashed kine. Sei the working state as Fi= Fi= Fi, and
the cwrent on the output termunal 1= postive Sy, S, or
53y will conduct when I, =0. The S, S, and 5w are in
off-state when they swantch off unfil the output current
comes across zero. An error ocourred on the voltage on
output terminal F, when commutation from high voltage
o low, but the ervor did not happen from low voltage to
high voltage.

1.3 4-step voltage commutation methed (4V)

Fig. 3 presents the timetable for a 4-step volizge
commmutation at I = 0. The step mterval of commmtation
15 5 ps per 1 step. The first step wall start when the process
oocoars in the dashed hme. There will be a short corenat in
the first step 1f S, tomns on, so keep 1t off first. The cutput
fermunal is active when 53 or Sy 1s in off-state, and it 1s
not posable to steady the cwrent path Open and short
cremts are mevitable without toming the 55, on. In the
second step, a positive current 15 ensured when 53, 15 m
the open state which means the Si, is possible to go off-
state. In the thud step, the short circuit will net coouw even
if the S, 15 on-state because the 5,15 off Inthe final step,
the 5y can be fumed off because the negatve cuwrrent can
be secure when the S 15 o

In the 4-step voltage commmutztion method, the work
procass of the switeh 15 decidad by the magmitude of the
voltage on the nput fermumal Thas switching method can
choose an mevitzble switchmz pattern and consider
keeping the cwrent path. The emers m voltage output
happen mn all methods, and the size of errors 15 changed
depending on the vale of voltages for the commutation
destinahons and the output corrent’s polanty.

1.4 4-step current commutation method (4C)

Fig. 4 presents the tmetable for a 4-step cwrent
commmitation at I = 0. In a 4-stage current, the switchng
times of the switches in a siomlar cwrent polarity are
defined by observing the cument connection time to fum
on the switch within the same cutput terminal. The time
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it takes for switching other switches 15 determuined by
dead time to prevent shert civenits.

1.5 J-step voltage-current commutation method (3VC)

Fiz. 5 presents a fimetable for 3-step voltage and
curent commutation at I = (. The step interval of
commmitation 15 5 s per | step. The first step m the
timetable will start when the process ocours in the dashed
line. This methed 15 proposed in [13] which uses a
combmation of voltage switching and cwrent switching
methods. In this method the saitching mode 15 defmed
by the value relation of voltage on the input termimal and
the polanity of the oufput current. The switching scheme
15 at first specified depending on a method of switching
the voltage or the method of switching on the cwrent The
comumitation steps, which can be elimmated using lacked
information (the relative magnitude of the mput voltage
for the cwrent method and the polanty of the oufput
cinrent for the voltage switching method) are determined,
then a 3-step switching scheme 15 selected for the cwrrent
switching method. In this method, a swiiching scheme
can be chosen frealy becanse of no restrictions (because
of epen-circuit load and short-cirewt of a power source)
for the on'off the rhythm of the swutch camed out
elmunated steps.

Al

e
[ s ST E—_ -
i (1 11 &1 18 1§ i1
S _ ] e [0l
& 11 I0 B IF I 11
Ya [ =

2. Timetable for 2-step current commmtzhion
atI=10.

82



]

il i

/[ '

: NI o
RN B

Fiz. 3. Tometable for 4-steps voltage commutation Fig 4. Timetable for 4-steps current commmitation
atl=0. atl=0.
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Fiz 5. Timetable for 3-steps voltage-current
commutation atl = 0.

1.6 I-zteps voltage commutation method (2V)

Fig. 6 presents a tunetable chart for a Z-step voltage
commmtation at I = 0. The step mterval of commutation
15 5 ps per 1 step. The first step m the ttmetable will start
when the process occurs in the dashed line. In this method,
the switch which did not ocour short-circuits the power
soarce 15 always tumed on. Therefore, it can shorten the
fime fo secure the current route. The on-state swatch is
decided by the voltage related to a switching destmation

and the switching sowce. The switch of the on-state for
the lghest voltage and the lowest voltage 15 possible to
set until the change in the relation to the mput voltage.
However, the switch which is twned on for the
intermediate phase voltage needs to change following the
voltage relationship between the phases of the switching
source or the switching destmahion, even if the command
for seatching is not assigned to the peutral phase switch.
It 15 necessary to maintain the switching.

a=n

prav .

Fiz. & Tometable for 2-step voltage commmtation
atI=0.

3. SIMULATION METHOD
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The aim of the simmlation i= to study the matix system
m each method and compare the loss that occurs m the
process to make the MC system a2 power comversion
systern. The control system of the MC uses a sinmlafion
AC to DC to AC method, which 15 an indivect way. The
first leg modulzton has been put mto the simulation
rectifier side control and the number of switching tmes
15 lessened [14]. The zero current range of the DC lmk 15
maintained by 2 converted camer on the simmlation
mverter side and the corment waveform on the mput side
15 enhanced [14]. The simulafion model 1= presentad mn
Fig. 7.

| Commaller
i w"‘;‘m
o a2

Fig. 7. Simmlation model.

The switching losses W have been caleulated as by the
total of the Wir losses created between the emutfer and
collector and the W; losses on the gate impedance of the
gate dnve ciremt. The situztion of the gate mpedance
and enutter of the EB-IGBT i= simulated as an F.C eremt
as presented m Fig. 8 and W5 1= acquired as the ohmue
loss of the Ry,

4 ki

=Wt W =W Four+ (a0 dr (1)
where W 15 the gate loss, Weg 15 the swatchmg loss, Wy
15 the mput power for the MC, Wi 15 the oufput poraver
for the MC, Ey 1= the mitial chage voltage of the
condenszer, E is the power supply voltage, C is the
capacitance between the zate and the smmtier of the FB-
IGBTs and R; 1= the gate resistance.

=

e s

Fig. 8. F.C corownt model of RB-IGBT

4. SIMULATION RESULT

The simulafion program use parameter as following,
three-phase AC power supply (amphifnde E,, =200V].
frequency F =60[Hz]) and Y comnecton RL load
(nductance [ =40[mH], resistance R =15[2]). The
reference voltage frequency 15 40[Hz] for every smatch
The forward voltage 15 Fr=2 4[V] and the open resistance
15 K., =0.235[2). The gate drives cwewt has a push-pull

580

drver with supply positive E =15[V] and supply negative
E =3[V]. The EB-IGBT has a gate reastance Ry sef as
5[€2] and a capacitance C'= 2 4[nF] between the gate and
emutter. The step transihon inferval 15 5[ps] per step. The
switching method threshold 1= =02[A]. For 2-step
switching, the switching owuvent 15 worked under
condiions of [[== 02[A] and voltage exchange 15 set
under the conditions of [I) <0.2[A].

Fig.9 presents the W results in the simulation which
show an IGBT gate impedance loss. Wi of each
switching method depends on the switching times of
the commmitzfion. The Wiy presents the overall losses of
MC. The IV shows the total of the W5 and the s The
W 1z overwhelmed by the Wow becanse the Wi 15 much
smaller than the Wa
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Fig. 9. Simmlation results.
5 EXPERTMENTAL S¥YSTEM

Fiz. 10 presents the expenmental system of the MC
control system. The losses that cecuwr in the matix
converters can be estmated with Wiw, so the total matix
converter losses are considered as power subtracted from
the output power from the mput power m the experiment.
Fig. 11 presents the results of the experiment The three-
phase AC power mupply, the load Y connecton FL,
reference voltage frequency, step switching mterval,
switch method threshold and swatching eonditions are the
same as smmlation. The mput power factor 15 1 and the
camier frequency 1 2[kHz]. The output woltage
amphiude 15 0.5, In thes expenmment, the Precision Power
Analyzer (PPASS30) was used to determune the mput
power and output power to gauge the loss of the matix
converter Assessments are performed on all losses as the
PPAS530 cannot meamme ;.

oy presents the overzll loss of each method. When
compared to the smmlation results, the overall loss of
IVC and 4V 15 reduced. On the other hand 2V and 2C
are increzsed for the total loss. In additien to 4V and 3VC,
other methods are simlar to siwmlafion results. In real
experiment testing, the tramsifion tme of the 2-step
switching method appears to be greater than the

smulztion which will cause more losses regardless of the
curent path Also, the switching time of the cwrrent
switching method appears to merease as the cwrent 13
neglizble near 0.
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Fiz 11 Expenmental results.
6. CONCLUSION

This paper assesses the simmlzation and ability of five

switching methods. From the simmlation remalts, the

IGBT gate mpedance loss

15 less eompared to the tofzl

MC loss. The switeling current method loss 1= less than
the voltage switching method loss

(1]
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3
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