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619611 

rlanima,milffiHkuttrintalgistiranAhnilaurnar 1 a 

17 
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1,11F1151 (harmonic spectrum) 'Val l' i0 t1111511CUn5llAlic106111Jf11i1ni5 (V ) /(II„ /2) 

6.1611/11-1 22 (6).1...- iff.W1Tha-16-t1.1a93.4-11.1;10 

2.1.2.1 fiaha6llaltn.16\411iMall67ouilvi6naie (f Hi )), 	/ 2) bmil 

	

„„/ 
	 (2.5) 

t 

,„,sin(o),t) 
atm' —< 

	 VI  sin(o)!) 

r" 

/ 2)s n(o),() 

; nt„ 	1.0 

; nt 5,1.0 

= 114,(1'  12) 
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 2.3 a: M- iamiilyliN- r)wrai
A  

A 
`1,' a'n Via fl1.1J*14,611nLiiliendiffili ///,, am in, ..t-i16- 1avvi-).) 0 Fi 1 , 

A 	A tater 
I T .Ir  

nitni 2.3 17(1 611111q(ganuni190.1; (sinusoidal pulse width modulation: SPWM) 

tanriN avot5uvil 
butla malvithitioleatnuciatili 

nuutiiihatti6.1a-elvhil-wit[1,),rw 
viettviu nuome9411/ Lamy& a .. 

v ) 



2.1.2.2 6116114(tuuh95atoci1 (sideband harmonic) ':-.:Lteiwil`ft161] 9 

2ttif 	i13LtRq5lUNIITY1I911 (2.7) 14ia (2.8) 

±k)1, 

j(tn,)±k 

oda h = 1 Flaynill(1t)6)1V (fundamental frequency) 

j 1,11Utq°4 	 k 

viin-naJEC)i(n,:ochrliAl k 

ii166111916itint4616Thiliataimmil 2.2 (u) 10), /(v, /2) iv, 

2.1 6naliaeninwilvh 	/ 2) 9:1411.1441-14ruriu in„ 

2.1.2.3 61 tn, e9-datailf1U1I9:41J.141M116 a5izsiitlima)114i9 in,. L1J16LO1J  

6tRzylilisifiqn-nguanw)ta-A 611)Ragn1914-inalin-n f (-0 r- 	NaittainazilLiln) 
n-rfaJaumwilcittniruf16)thinflay:in v,0  

tn, >21 	lifi-annIqnciinynnaloiilaundan (sub harmonics) wilt-HIT:oo 

1,3101SIEJLIfillfil 

2' A 6-miiinti6jainoilJatua91t6 (in > 1) 9:)6F19°1J1464m 

141414•17)19Th )11 u 	 Nu n995n99Y11b5 a9 tl NI wan6a4-41 iinruNci 2.4 

Tanai'La5aa4).411-1161;ip iribmTalLmin-tirliThril@lcvnaftivi6riaJozcifiga,linilunItil 

na 	ta-in-nLiattia)Lnliluiviil-rhitilniiilLimullQiiflItfiividl  Ltorii-nin)i)) 

Elaq1111.411600111181111A14111dowSwhatjIzvvii., 	/ 2 ell 	/ 27r tilontiluguirct 

'Nil TT 

f 	c))  ' 	up 	)) 4 

2 	i, it 2 
(2.9) 

Wflak1111111 (2.9) 61 (V 0,), @z@dtr.win6ififnlinilavonwii)LAitita: 

i5iiialfriNQI611,1AUIJW:1:4911111111f1 » Ra:-,iadii-unnvua 
1J@nlit-hannwairi91qjiaz4unLifiwn w J  4"-)Li vnn „„ firA-arin ni ria:gialilfnann 

11.1naqpnonlfllni,h,a-nimmunalkunpitt,a'n'Altan Norm 

20 

(2.7) 

(2.8) 
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2.1 anyoziiirourriyal (I' 	/ 2) 

/ 	m,, 
-±,. ---„,,, h 	-±„ 

-±. 
0.2 

0.2 

0.4 

0.4 

0.6 
 , 

0.6 

0.8 1.0 

1 	a,141J7L-nou 

€1111.1111411 V 0.8 1.0 

m, 

in, + 2 

1.242 

0.016 

1.15 

0.061 

1.006 

0.131 

0.818 

0.220 

0.601 

0.318 

m +4  0.018 

2m /  ± I 0.190 	0.326 0.370 0.314 0.181 

2m /  +3 0.024 	0.071 0.139 0.212 

2m/  ± 5 0.013 0.033 

3m, 0.355 0.123 0.083 0.171 0.113 

3m, ±2 0.044 0.139 0.203 0.176 0.062 

3m, + 4  0.012 0.047 0.104 0.157 

3m, ± 6 0.016 0.044 

4m, +1 0.163 	0.157 0.008 0.105 0.068 

4m,, ± 3 0.012 	0.070 0.132 0.115 0.009 

4m, ± 5 0.034 0.084 0.119 

4m, ± 7 0.017 0.050 

59Ll9tliii9: (V 10),, /(1/1,/ 2)= ( ' n )„/(I, /2) Liholliiiinal 171{ , 

atiillIreignaiiiaCauTaln,eraptia{uatuniutWaviiiiiimoifuountiCu 

In fiatjiniiiiniimiln6loguilvdtmloti-nutivs6116 viiuoiiimiln6iteinfi 3, 5, 7 Lith 

61 L4 611Vnit10-11,319liabiNaCkliMi.Vingilifti.in1 I6U60,1"11:6Eiiiil59153.1@fin6L‘46l9 3, 

5, 7 .:11-1161h'61-1611161+Nigtutaltatn:-.11-AiriTniaLL6:-..uulvIllif1lG14in4n7-8nq551n 



1 1 

57 

h 

1 

1.251:„, 

1 

nirici 2.4 nIquiliiincionleanimuTavaaiipafl,ati 

171 = 1.25 
= 15 

11 111111 1 	It I  
7 ) 11 13 15 17 1) 2 1 23 25 27 29 

0.5 

0 

/min 2.5 ailingimanthithtilqiutfiNEngamuidailailiaqtantuda 	= 1.25 , in = 15 



nisainuoluukt-usntgali"rutlisnatalaulspinn 	>v„, 
icurusaniin6iiimisn luyi1ualL6insiwysin v , 	<V 	 nsnliaisai.)Ja 
m,actiu 6-',Innvo71 2.4 16rtilauaniial 	 vsnnis 
liiiinehisniilusznzasnivatnailai.dnithinsserfiii) 61i1A(At12 rh6iiini5tIwiratil€111,91ain 
own) 	9V)) peak 

egnLal uilnfiq'in4i111,,,, niviiii 2.5 '4 a Liinosillailmlina'cpTimisuilvs6ma 
WinnsfuntinnidipillIltataziNinsilinilnsau Ti 	>, 

4 
=(.273) 

1111441N11 

litrupTh 	flUil 

To0o144.tocroilir 

1.0 	3.24 

(r(114i1i ln1  = 15) 

1119"111 2.6 nssflium.,*aLsmiltivIllsyn)4"-anansmannaiwinifiiiiiiiinnLgai 
9511 G1'1 /?7,, 

2.2 cright-orrilemii‘t (Switching) 

2.2.1 ni5nI3visan5lin.OrMiumi1u1vval5 
nisn'1gil665161)..tivIlls66ifulsilvva2{ (Bipolar voltage switching) .4ani5 

inuqiltiatriwil:LLumliAcrislinliiaanlitatti 	6.1811N 91 2.7 (Ii) ni57'I'ususJalolm3. 



a 	a T 

alwri 	66o: 	:i'u.1.41,1,116-1.411411-16"-n..taanTElill A a:aiitiu 	= —
I 

2 

a9wir T„ 	1,', 	 (2.10) 

,„ > 	 , r6Ld IH  0d16"ln5:L6s"V 	(2.11) 

itiaTirmititinDIM„inaiolailLumiiq4 in,q6.41141114-n.taan91a5i B 

	

:Ltiiilikii0LT011,(11A1,11 -1

l

4-04000°alrl A -tie V„„) 	ilininu,7141vawiin 

oarra4unaiimafrcianlihAvJAirmjial 

 

 A nvna B 

10 	() 	21'  JO 

in :5_1.0 
	

(2.12) 

„, < 4 
	

Lal 	in„ > 1.0 
	

(2.13) 

(2.12) 

tn„ atiludiuvinLAcktionn16-1.41.14A-mati4-maannifiirlimmilfi (2.13) Cala 	mj 

iqufla7.16\41,v1Aiimoonv.:931/100:,-vv-iil 	tiu —V, iintffmlunnvi 

11 2.12 	"nt1,914(1,1J1-10-1`hlauTTOnr10%1.1470119 LiiI4M111t1113.1f1J9914/1.11,WIITIJ 20 kHz 'l919  

	

ULM 01 ill 6111TlsndLfl 411.4,(71 20 kHz, 40 kHz, 'la: 60 kHz 1,1114 41)4 611 Loi 	ri 1 u 

ffIlf1-11Y1 (2.7) 



- • j 

V 

+V, 
0 

frlittl 2.7 ni5e561lL11151i1S411911111JIV101{ 

R11171,-11-iniSliAnnIefirgiilatntinlvtani- ?la 
1. 	 ( v„vsiat,  

P1J 

2. a-)iattir otiuciai-cli),3anviirlimiglificual 
3. Vt:LtlVtil-ratiliJamillAivnicia 	 1,1,6241141MLYIT/lal 

2.2.2 nila?)aiiattiAlvql-ntuunctivtaii 

iatom91-int2vigilnile)&intill;nAttuulitivtail:flua,11111111491all (unipolar 

voltage switching) nanoinalmilIvonfailwniaterrisllial A /ill Bto a 
fliutRu a anon ntii4 t an9919111tta,) A 	glufilikuniint 1.„,„„ 9 

R1111,155PLIll v„, 11114:itel9rIll1,411.1 B Vt.-‘111WilJTJA111.111.1111AW1f1 - 	tii0117211.1AttUt11i Ali 

st.laikaviauai „, 



26 

ackrif 	antin- nta 

v„., 	o--ka-E 

ICJ Ams T„ 	 v (-1',„„„,1)<12„, 

WIThrig 2.2 6Ja941.-dr-r15ewnl66Sliii66v,lo66nn65JA6yliThail-rkoonTa4u6"da56(1a566u11 

1,10141°B o.")willanrnnia di wigi n:..-Ila vi 1 ' ■ 

1 T,, 	
1 TR I. d 0 I' d 

2 7, 	 TH, 0 —17  d 
3 T,„ I' ,r 

0 0 

0 

4 I- 	 TR  0 

ads Tn39'I 2.2 fliluArntotinnnaliniwitn:-.vrinlait, (ryla v„„ ) ad 
Lilurrnalaunuilanzimm9iuoth:-.111-119tuntaminvilavmplithtlau •L, 

ryntricAtmilArimonvliivvrillteLibwaariTual 

vniania'niiino.noionvla mitt fnilitldlqiinalo,t1nmailn 10 kHz V■iniihniI9nlin 

111.1w-raitiv\6nuaLia:-. •L, 
61i-milo-112,Joilnail 2 61 a v9 aa669 vjwaaSY 20 kHz g061al'alft1J06916161I111831111A1971 2.8 

-na7rnaltyymteith- ri ,i2oLtonhvim;-) 



- • 1 

-Iii_ 	 = 0O 

A 

r f% 

• 

"C- 
• 1 

• 

• • 
• • • • • • • • 

L 

(2171, - I) 	( (2m, 	I 

n11,61 2.8 n-natN6jItLlifulyhliumnifilvv6ii- 



1954Li1Ju9i58miln in, 2in, ,3n, I 

61 

din 

1115MOJ41YlI101l 

rIlIq.1118J 

nuidvaii 

l'„, 	l'„, 	mu f ti  

td714(1v1ili9d1unon 	, ) 

> 1.0 

11719inlidnWi66nan 

( 1',) 

4 
V1 < 	rul <  —1; 

11, 

4 

0 
-1:,)c->0 
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tlaitldniuniiniiduldindAvJeruon(114(1,1dIkniiihaniwndliavIvian (1.„) 

tdamidornidcl 2.2 N Y16eN11111 01.4111111191"11114)1101-171.9ii 2.2 	IL 02.411111f1 2.8 	Gla 

ddiniddnIdniu 

ILIEThinuriaadwumnfilthidou 

c6Tor 015 uiTh1J1-11WLI LL-n6)-bliAhl-limuanapnntinfiulTuluImli idadtijanilnuolnn 
ii4undiaChTadniwidini:Tifidandiduu adliwniddi 2.3 

0151J11 2.3 niI61i5MiLfit1inTiffiq981665161414MiLLI1JIUTINNi5illni6IVOi5 

LIIT1USINIfIlaIR@ILV19i1V1 Gl ant9-1m-iilrittfiti,Iiiu cinaan 
(116 nunnadTadniliwoniadiluld6uctunnuinv\iavnain6nundilltiauimi 

,4n,, ,6n), 	 9-111162611 

dintiu L6.1-litonthr.ssiN 



2.3 irmi+lltrielganTi (Phase Locked Loop: PLL) 

intrimilEmintinAnvo,intrnaln-nlairiub'llnailqoauturJuilatla19-1111, 
filrszaiguann1;11.tbui-mliviailiN 	 v aiLthenaf6uvaiLair917111-111.10.17:unnillvIAn TIFA 

6;1 ml-why:IAA-nu 
nisoi-unn- Liaif611119"julTil 

TI'l 'Nil 2.9 ti' T161J4g1 3 v68116'14 

2.3.1 -17?15-ii-1J19^IN (Phase detector; PD) 

cirpruinani9 1,6611 kisonntill;lamaaaiimai916{ a-tinintufrraniilvvla 

2.3.2 iirnmiutl (Loop filter; LF) `0iivyticifin0viovieitittintlittniattitil 
h11tuit49-nanii9inu6anii-m-a9uLAge:nv, 

fnucluina 

2.3.3 oaRellmiutfiaiwaimAcHttl,7-Actit, (Voltage Control Oscillator; VCO) 0Tnitici 
oillitininatiqhm:-.1,LaRoultimaeuLL119hiii-rawir 

Phase 
Detector 

V Loop 
Filter 

Voltage 
Controlled 
Oscillator 

1-1111c1 2.9 1A@Il vtg@:6611n171 	annll LLIJIAII111, 

9inuanlqw..- Linnannivriti 2.9 diaiiiilli,maimayn

l

nat-N9M91-3aunAaii- n 
viiima wnuint (Multiplier) afiljhnalatliiE4- 9iutlaiumuiro LLozatileageiataiE{ 
fnulan617 tan4imin'Awnitnliviair-iiv,vtificiiiwIql9sallunivril 2.10 

it1.42t1,41friu64010enoltvtanThnutlernmii00-4a)trnfi (2.14) 

1.= l'sin(0)- f'sin(ov + 0) 	 (2.14) 
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vt=coo')= Cos(o)'1 ■ 0') (2.15) 

4,ruintwrivelwwwwilalalavinTivmoriarnnvihni14iilit 

= 

frk 

sin( me + 0) cos( + 0') (2.16) 

si00(0—(0')(+(0 0' )- sin((t) + on! ,(0+ 0' )) (2.17) 
hyquok,icon 

stkieriamnNqviauktipt-uci -naidonalqi-w-ruirominm4"-)oilp-nalvi eiTall111111M: 
crw-ntu-nuwi:xnaufrnaitNiod-nliSlaw-rai1  (2.18) 

17( 

—L- sin ((o) – 01)/ (0 – 0')) 
	

(2.18) 

1,11@a aagi6INI,V1@fmucthi-iliawAirannafhlicompn4fillwrimi9nIfiwynalit6wvirtfi,i4 

via CJ x to' 6i81ni7c21ve1voiwyolivJaanillo1lo81ni5il 

, 
- 	,i0(( 0') (2.19) 

A a 	 s A a , 9511,2JOINTITE-14-q111R1J1111-11 (2.19) '•:.6.111,11Wj'Illi14,1^11T1111,1, 19114911n aTiti -nurmia-waio,1 
LvlaituithaunillaivilLau'11111-1.1)Lciat,7--iyi-11€(41-118,°11aLau (linearized) 

CillX0  1173-11-11,141  a 0- 0' w:,16-fii sin(,a - 0' ) silo 	(o - ot aLti a LIAlel'anz1iouni, 
c1113.1rOTINO1M.16161AlailjellJ1115c1 (2.20) 

	

= 	sin(8 ri) 	 (2.20) 

n1111,€11•1:41:7iJillbilfli111111111011.41q11,6n1,14airlid711Adan 

oagiatais)afFnufpi4-38as164LaianInvilkillauniril (2.21) 

	

(.71 = (o) 	,N(71)- 	 (2.21) 
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T GI 61n to;i0frynniajainnaloaaisaLatqaf iv'wnt-ttivinu5animani,nniun-rvvil 2.10 

ran10141thnii Iftn1101iTntnnquan (small signal) 1161€11111fillUtlaaefq101,a01@f114  
er 
"ma Eifi1J6671971a1.4,VM 

-• = 	 (222) 

66azni7d6i trawd6rnalap.mAIR7'Iikinn4a6anvAa 

O'(/) = jr-ii i(t)d/ = f k,.n i,/dt 	 (2.23) 

PD 
	

LF 

2.10 u5animat66nlanAaff5fl567Alagane  

rmiii-hrnaTamlagon61Jazylirmfrauflawilus,qiitimiqtAauliitNiiiviirThouri 
ToniiWrawnlaniuuilia I9unnnt@:-.9rnaiiitnianii56 4na5attgtritawirttazirunput 
iiikinaaaiatatoaf A'rucuino-raiani-otAffilIGTL-nila56i1Jnnamm.31,thNinn-66ffo6ii 

66az6rIP-in7;66ag71 ic,7nzuntiii"-Jutistna19781ivlil1n5d66aalucitinfttant-T1J665541n 
fiaignfihuitanManliVinaNznautaArli'Al-inn-uomnamwdiuflaitclaur-i-iv,111613 
aaffiliaLatqaf FrauivAintnlihdhuihnsaeitutriTio q-JimilTalaoaisaLatglafazi 

uannhvgaillamunialmultli-gi 
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2.4 nfrigatithanivnlatria (Single-Phase Phase-Locked Loop) 

/117f17111.161611.6thqi119 9'11,11frnialfiln:',UULL6:6£,Iiill-131/1WIFSNIt9T-JEJWlani'd 

riLliq 5 1,1"ff 6191f141,il@Z.t.hirwrn13,11111il-nval 

Stationary Reference axis lthilharpu tintit d,q axis 611,1,1111,6n-ntataltinwit14 

ImAirmviciiapna,m716-14-in 

rrmlivinlaNanvi I9u@ntiticHlInli/11,VVIR V, ariliv,it-1,rilariiianniamilin4,114171-] 

vianl,flanisnimdagativiluirmil 2.11 

niriii,rugualalaanaitNzlin-mrni€11.1fill,Miiil 	iiilgillihrillt11461ElleRil 

C11111116111106a 

a,13 axis ii,szlintninislumuldaril,uunnviNvi,9V-mt-r-rianiiii,qqrilTa .1111,4fi-apn nJ 

usliittn75lvIA-1 	i116-3.mintnti,161665G194, sine), cos() 	 un 

Li,716"u1sAl•Ni V Etilaivriiriugurivaln-ji -annalLmiltlylitliitkittahlifiiiilairmial 

aunliazUlfi-9L 

flum-Tal 

= 
O 1 

a, 

sin 0 

cos 

V,(t ) 

sT 

4 

2.11 ugani6Glaz6LnIa1%la,m4a6ana1166umi9blo40 



	X d 

	X 	0- 

s T 

4 
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2.5 niIiitila:mnnuaatutuintwaimai 

ilitutpattiluniitnylavViTL  ~IJ%%aJ

g

GlaJYI'l it "15 
d Nicwitutp,inantiaarachtaaaLtnimulanIda'ii-urch4 90 alsii 

'6.1.61/011c111 9 
6-911t1-1, X, (0= X(/) 	ii,6i:.:61ni,Lnuainlh1nnisiaundertiolitutrat, not 1,11 90 

@Ifi2611'@ttleikuttiant xfi(1) lun- 4 2.12 aan&talaNtrttrilgalWaftitumu d,t/ axis 
hinlitaltiaJonanli{ri 

• 
TIlitil 2.12 n-natwituttrint x,(t) LiSiutlaadiltatin d,q axis 

1un-mido,mtnwva.likitiptipl(419111- TInanu6Halatfutlithriargilltunu a"; 
@::1,4ialingsfi (2.24) LW: (2.25) 

X,, = X, 	= COS(10/ ) 
	

(2.24) 

X = z COS(Nt 4) = x  sin(wt) 
	

(2.25) 

2.5.1 trnittlanh{n (Park Transformation) 

',1)un25111J a.) 66nu62.1'61 d flu Ina alwAnumntili 

iiiliorC6Litikutiptaia0uunnviamtium-iani-allfinikat-Liftikluitioalurnwiilutla 

fV11, 90 an irrnaMtldilnitturnmil 2.13 



a 
A 

d 

► 	►13 
'a  

/myth' 2.13 niluiThlthIn 

(2.26) in:: (2.27) 

x cos(8) + x sin(0) 
	

(2.26) 

xy  = sa  sin(0)+ xi, cos(0) 
	

(2.27) 

winglin-nii (2.26) LL6:-. (2.27) Kiammtivitilnuln,ith weliniLiii.4 
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cos() sine 
—sine cos() 

  

  

a 
(2.28) 

   

     

     

2.5.2 mflutramiinialthin (Inverse Park Transformation) 

inniltoJanlianak  	 adqnt 
(2.29) tin: (2.30) 

x„ = x, cos(0)— sin(0) 
	

(2.29) 

xi, = .vd  sin(e)+xq cos(0) 
	

(2.30) 

(2.29) ua: (2.30) ginng-arhiinulusillTaltaminl9ictid 

      

a 

 

cos —sine 
sine cose 

 

rl 
(2.31) 

      

      



101. 	 10k 
2200 

I I 

I OL 

10k 50k 

101: 
101: 

Input 
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2.6 Digital Signal Controller Board (DSC Board) 

Digital Signal Controller Board via DSC Board . :.-.6iln62afi6cirluni56cluu 

ial brarl4Lnmi-uwnlaJnfiaLim iriil.61,- @{Lai 

dsPIC30F4011 

191E111'10111,L1If17fl a tam Of dsPIC30F4011 •:511M-11,01117.1111 1I3,1 fl M41 4414 1,014 

Iutiaqmi-DLLaz:iiiinuLfinuekt-Lnatal"6qa hitialmLami--ramafiaiq 16 In' 

Tala6lalinituintiLawi6on6iin61an wrikiag-,Canq 10 fl( 	 PWM 

611 twin 

2.6.1 15@7115IJIZG1iliilltkillil (Signal Conditioning Circuit) 

	

ti1,1 01T1 041011 Mclii.A1 rl n rya d'in visa+ III: eilJ 	1.1,1 -15 Tia4 

+15 	DSC Board aluilniufhtnliiitlilniii 0 ell +5 bovi 

IzilAtinat, Signal Conditioning iila1liinz41u6nliii461N DSC Board aganwilvh1,4 

Tioli-nanliinzetuktyintitirriii 2.14 

+12 V 

I Ilk 

Output 

	• 

+5.1 N. 

2.14 IRI1ii11721JALipl11lt16 (Signal Conditioning Circuit) 
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-ifirrivvil 2.14 tInn@ui-€lkutinnti13-1antiantliinniuktint-tAntdazittuayit-u, 

"61,,vi6iaznnlanviniv.,,t6nef 	 -oumiltinilanainvnunai< 9 	91 

'gnntliinni,i9ilimanzgaffian -tlih-ndivallituit4 +2.5 L09 9 .1g5ilanwinil1LInnLo 

LM336 ON1 011-111-17[0111-14111111101.1i DSC Board dintinlii LtatSiunilLoi6,) 

n ail 1,1:1411,5-1q1-1.4 +2.5 Lail adtlnu16lJsa al fill ail, tip la 	witinn 
9.1 

1,-tinvisclusua566Nnifinniuu,I4n11mn:,- aaii7ncniutinvynal5941-U 50 k0 &no 2 

irorinttjn7-lanTILLL4-Aztnwmolukruintilumin,:-.6iu Loi6111-4ualgatj 

111741J69^1WIJOJailltplaa'llY14.1 I01912/1001.111,6391 NE 5532 I9911,(0'95-11.19191S116 -1 1,60:11 5711  

Vt4,0illqi06171%n61 5.1 La4kirlyn14-ntiaigitucia@liimillifluiin 

icik-nal 	tin rul@:9Vanti araimgri 	iu tin at 1 3 	usual/ n iv3  

U,1 , 

nan@inu an-nanlilinz4iiikusuinuThitilfinalaIC4atuvIgta,41-ptinnt 

Ln @l41.1111101M111111t141,11 90 alyin IAihtLIEtcladq7flaullin- Laal Lcaleillun-nutlalurin 

mart4951ma ,A-iticrnani-JsiiliflTCCol,thibuirna6-- 	diriA 9 

inNil 2.15 

10k 	 10k 

Input 

2.15 1.151:1 01.41.01ff 90 0.1q'1 
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2.15 Ailltl.prauv\mzyinft-arniiinpif4ialn- Aaninnuimannial '911 

olulthrmaurrniii  (2.32) 

0 
tan( 

R = 	2  
bric, 

(2.32) 

R, as vnimiiwniudiiliiilOkivhfiilano 50 TanToth] 

3.111C6latiolatai4"milvrilfii9nuc17ia,4-a,n-r- 51A" tili-Atialn-naJano-i4vmlificii 90 @HT] 

wirn,utilubiuktuit-uSiiiantiliAavtalala I, ttav r gillNan-mwaalmliiltaiCinga.  

Stopped 2011/02/17 12:18:52 
5ms/div 

(5ms/cliv) 
MORM200kS/s 

ril11919011tpF;outvirr 

CH1=2V 	CH2=2V 
DC 10:1 	DC 10:1 

riltImptutitwiu u; 

' 

T 	; 
4  

=Tracel= P-I'  3.6{80Y  Max 3.920Y Rms 2.437V 
Freq 50.00Hz 

=Trace2= P-P 3.980Y Max 3.920V Rms 2.222V 
Freq  50.00Hz 

2.16 rrnCAavaLylariautinntlii 90 61F1 

n-wil 217 azugciwilarriqt1-4,na,f6unaitgai 	 -3,1a7airanua5'3■M 

inatlqillitrmill9-39€18ThilihnikulwirT0nuatAilifilkitatlitymt PWM /101 DSC 
A c 

Board 	Voltage Transducer 95.1uJuaLlmnitturn-hiviirt-utu-inwillTbaln-ifirlia"1 lqu 

arrqhmlivsiTaitila,laqnniunI4lita,nnololvtaiainnlviiiil -Nal 



• • 	 

10n1 	IRFP460 

LGate  driv;1- 
21. 

0— 	 

 

• 

 

   

 

50k 

 

led 

Vdc 

1,1a 	1111111105 

IRFP460 

Gate dnvel—jr2  

100. 

2.21, 

Cu rent 
Transducer 

HY1OP 

ii  
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itutin sup (Signal Conditioner) tilLnziii i, 'z-.-3dqin Current Transducer HY 10P 

-Ini.turaiLaiiingiptioli4914N-ruialuathaiina4kriptiAl•inagiaIii 

LLN:fl@li-TiainLn-46ntw4.n,ziLaain bitralawnCuLuafniintiiamqiuti.nznI4LLE".414iil 

vmqiaLadooL4Igen 6111

'

cladivaniutUalrma-wi-intutrva

i

nlaltuilairaz1•1,Liiia 
R-C-D ffIZU 	buffi1141-45inet10,71-Nalutn, RC atinuo4rma614-1611thlifftuL3 E, 

va ct vintrnal•Iii4 simumarint-14agcniaio4n-n-lunilminq-nui'aithiviiii9Tiaiamy 
—4- -*I‘nrun-no@natuilaloitutuali-nniu-34a1/66'nynaitni-didlN%.1,111,Iii:;111.11WIT/M1211-6 

nivivi 2.17 --J4,n-wrii6"1.1a4'34tnairiqi as Miainicna{ 
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PWM SIGNALj 	L 

-15V 

niml 2.18 Thlaiiiimq (Gate drive) 

viannirn'ilinTanasiiiaroinut 4 a 	Riuru 	PWM riarnin 

11.116,unulmtuoiLinuimTaniniiinuiratiliiiinLnq 	TLP250 LilaSAA-tigu, 

Mdrini G LLarin s TaluaaLrldquatlieinnailmIamliminitliatutinnenniz Turn Off 

G LLann S (zi LLad Z2) icificiAolihtinlvii4000iO3.1 

G un:111 Slailli/61.1,99-111114 18 lia4.11,311.olarrlanciu,naitilaqivaf 1N4746 

2.7 n-naanumnsa1"1C1Lva4dsPIC3OF4011 

nivanLcuu9lav14inftffuniIaanaullIZU116-nifiutun1LLuun-mhtanaNnyvil 
9 	9.1 

I'M 	;11.11°1113Jifl7009.6IY1T,a0{dsPIC3OF4011 attaalitIrdW-Iff Tql0f11:-.1J1JthTh 

WW.51,111th114:171626-Elli'lq LLOZ1,14111,65iiiii,14indltinni MPLAB IDE V8.56 Lift ii") 

uaailmani 6-41.1'uQq'alilfrnamffilalu,lano.31uufilinnoluil-flailFnualaynLapi 

dsPIC30F4011 

1. Talauflalkumpautawioantilualutiont,FI'ivian 

2. Ialqa MCPWM 



I 	I, 	HI Hi] 

F114111:I 

111111"111111 

nirici 2.19 1160f11910:111111.101711-11114,liMa ADC TBJ dsPIC30F4011 

40 

2.7.1 I1J90 aLitiolWautinnthen-waniihat-utuinAqiao (Analog to Digital Module) 

IligiL1NIttilalit0rvanttLoul'a'an1iht;i'6. qiogintaq1 10 v61 (10 bit high speed 

analog to digital) vilalittio ADC ardaitinii.ifidimicluinvnuuninlulakutudfittlinidLn 

t1713.10:„'CgENIVIdiq 10 1101 I3JTfl ADC vat dsPIC30F4011 al'1147r14, 9 1rta1A-1111111101, 

lit1101147[1°111 ANO/RBO — AN8/RB8 14animantfht3JUdnI@St11511"1.1"114110113111fl ADC 

2.19 hihallvituallirkuliatqatNini 
9 	9 

2.5.1.1 tiluiltaLt6alitutuatutLatt-C6antiftMt-inaitiitiana2.:Cdnq 10 Os 

2.5.1.2 1°Minnstutalkumiaratimulannuttia1s109Ititatailvl 

2.5.1.3 lis vnatialuna7thiiitualarvoula6 500 ribinattila6a)14-111 viSa 500000 

aqihnfro 

2.5.1.4 diatalgui-muql:-.6intwiiitil'A,Nannaninitaznatmanii 

2.5.1.5 6aniviam-rmiimiatiattuuttiaillvItylailgt 

2.5.1.6 riirv)1)1Alniiii111oviitutuda6 16 Qicrtivrm 16 vs 

2.5.1.7 fi'111 01inlimdnucilatillillini,66gqIU31Gl 
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144,T42hil 2.19 1,1114,1q1U:.1,1,f15anynvIn,nwiialbitia ADC in dsPIC30F4011 

liva59166aulaarrTA4 9 711 IWY011194iiairliAmt-nunninniaFavv6nifit-urunnanm ii 
S/H lvialarnnlali-urtua-turtrim'n'utlitani`danyil 9 iaiWin 

41I111151fflatl 
9.1 

s2tlltll'1t167'IFl1t692nn'm 	5 S/H 

LnnyinvnagiriankviaMiliantu 	10 fiq 71eaJait16" -inn"15661la4aziint2156 
litilflinilAlumAinituAz13iiunn ztliniuvraifiryharunIthunIurlivaw 

Iflui"filu,nu'iudif -milthiiiiilmmuLacwMamtm 6 5 7i6lIqi91ilialaillnjint 

ANO — AN4 Ltorth4niru-mmuniu,Aiiiii 61a1titT2mn1w4fi 2.12 '41?MliailtHasth, CHO in 9 

f11111151,1,1iN 1 	tip mitan-6andlufft-urrl iiiaqaflh1F11,1114.9i1Nolai 
ADCHS LAaLaania19-iairnAmfrautnLann6onfiknimtlelaiLnuit-u, 

2.7.2 Tale MCPWM 

‘51 11w14,1Intrvlitql4Cnvii.44 dsPIC30F4011 Nablaafoknyint PWM 

LiAiawnifpniatqafWithitudi hito MCPWM 	dsPIC30F4011 imlialattli 6 7o.) 

MCPWM 

A 	.1' 	 7: 
1. PWM 

2. i2a 25n1Ra S66a GVJ6 llaa 6a e2 MCPWM LumrTuathau=mzi-niiiitli 

3. alarnovimmiikuivdiaflauv4tamenialadinfiTyraiMinaitingvi (Dead time) 

1A" 

4. aiannC4an6mm,a-191T1161614,1114,n1,6i-nitAonliThwu61 liiiifusumuteunaill 

tiffmlunmil 2.20 



H 

1 

PIPER -1 	  
Prn.IP 
'value 

POO r 

PDC2_ 12. _ _ 	_ 1 _ _ _ 

U 2, 

PW1021d 
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Period 2 

Period 

nimil 2.20 im aninn,tiNTvalrmen Li:016'wpm PWM 

q-nunillanalit-utuinonannkrmoilqlqinnmiluniaaj611161iilam PDCx 

rhwommunamnalkitirrat PWM w.14-1I9ilniltiwif04,1014itttllatgint PTPER 

eirauomunanalkuruitua-arnticiiniatiknnauniIii (2.33) 

PTPER - ( 
2 MIR 	F 

(2.33) 

40110÷44tutinn4 PWM tilinqiufpAn@{ma{vrtinnrIeralitininkrIat-Jai 
(Dead time) tfit0N44-`1405irfiimutt0:41t4ailitqadautivostlalamarntilowiilliz)4 

naThivinim DTSxA clith:Ilt-Jaimanwqrluittlistainerun-nfi 2.34 

Dead Ti,,,'
DT - 	 

Pr eselder 
(2.34) 

TJ1urrna a ninnvisathiLtiiao on iniliz:4"El 

iillat9ia:TalqatiodwiuiudiglilluaLaJalkutp,,inut@voi 
aruilnAtrutuinal4q aaa:lama MCPWM1w)250i-1444414441auftylna014tiairtfi01 

411u6indn-n- aanumuszuufiiufaranDuiwil6iiiruilaq 6'11°4'14,n-174'1i tiinirinlin 
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68.1451`141iitUTS.MYTh 2 titin4flialtiTitiliamai"n241114-nal6:..-Tuqalun-nii,Ivingiill 

ivtiaNniiilinvnaArTvtQamikkunlaivionmti 

2.7.3 altii15nou9savb-i662i 

11,5nnwimiunnnOm-maiazi11:-..anw4nalkurnmatiluthiutatut-InnIM'via6 91 

rtrmA1isliliAonlqw...-unnnaltumnufal etmay141,-dtanniuq-nit-plirmnit-nau 
1116'm 2 FITh ;in 

2.7.3.1 2.464 anIvam-rnitilittualimi1658thvinivAinilan(iivstirifiecjfi'l 

Glillinninl612l61anzu41A4662E56qa{ 
2.5.3.2.- tena ,Inirntvlilliala/mi'ananibn,a{illaw:Ithtinlan.iin-n 

hoilfriliwnontuu5nnaiiqai'viiwwlaumn°71aDilinzmAimiinimlAcelmai-AA71 
a.- A a 6.-wrlyrirwt.a 7:1111911J11 rinird17.:-,L2oNan15fimmlu1l66innafcithiaavilcvsui 

1,1124'unini-icrraninialuiniliqauilalirpAnntuan-16. onii-Jut-utipt-tilaqoau,azIalo 
MCPWM %1a 2 Imo 

11 awianriLilhasurrnatan6iladif11;ibiaalthimmiwilfliaqvii{3nu 

lAan'kan6nlurrm11-knwfia,m-inAlt62ai6via5luniv 2.21 

MCPWM Lilarimmoiliciluqo 

MCPWM 35iJt ilntu PWM 61X1 dsPIC30F4011 	 PWM 

Vii,r-natuipiomilnurnicsolAa-s:.-uutwvainn-nlvi'Aiistadili11.11z.-Frvitinm 



Voltage loop control 

Current loop control 

III\ I.JSC 

Park's tran - thrmation 

(d.o 	a, if) 

• 

Park's transformation 

(a, 13 to d. q) 

• 

tinhcha'cliwitu 

V srr' 	' 	V I  it/ ' 10' IC 

V  

Stil(Nt ),COS(0)/) 

It5nn5.1m3ti156911001111 
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„ ) 

iiirtuonit.11J414 

)51 	91ital5 

	)auou ll notinri)).aisooftil 

Sinsoidal Pulse Width 

Modulation 

(SPWM)  

U11111-1411511 

taf11561,11.00fill 

rnwn 2.21 v5anIgazun1ananzuuf7ufal 



2.8 An111010f1753471a,9 TMS320F2808 

1545n54eli-nit64nnl9f DSP TMS320F28081J55o1'I Texas Instrument 111um67ri 

1J7nnNaLia:-..ofilkurunt-admil6yL4Liuurtuvini 	DSP 6f TMS320F2808 Litt 
i-nnhtanaNnuuti4t-raAqEn 8J91ni8n5iluni7115nu1aLLazFr2'1am8iwThv 

61114M:1'1 Wn 91 tU 91591@1,1111 

2.8.1 a5l5kalit1193i16'Inr1 High-Performance Static CMOS 8J91111J 6573tu, to0, 

100 MHz hiu 10 nS viavidnaLahihringtnitin 

2.8.2 505i-uriLiNn59 JTAG Boundary Scan 

2.8.3 WI-htlIhnnONwiniliJIzarinivIrinvw 32 119 litatliNun7uhuh 

9TI11:91 (Harvard- Bus Architecture) 141_Nn1511.1J1J 16 x 16 um: 32 x 32 3111t1Y1LUM 

VI011alte4141,910{1111,1)1qtiH 

2.8.4 4181.11,11,191InflertuvAiAcita,1 DSP WSZ:rja TMS320F24X/LF240X 

151i7nifinAmtlii0SARAM Ltti: Flash int.Th 64 K x 16 119 

2.8.5 al Boot ROM 1154W 4Kx 16 inulltlJT9 Software Boot Modes unn-rrsil 
htivi61109{ 

2.8.6 6-nala4ruti1alumuiaanL11vAqaafiyaionbrA 12 L91 AiltiVo 16 

elia,IkutuiniluirlinnwattlihunuaTa6u4n93-  2 i.sq flt, 8 lialitunriu, 817 8 LLt1 9S 

(sample-and-Hold) '''-rpo-anuraari rammbniltala*LninnticininialLiinivtiiayr 

ill19inailltm5tLlial4hrintalf15 160 ns 9la 1 9155 

2.8.7 4-ifffi1kiituint PWM (ePWM) 6 Thad 12 inIkutintif 

2.8.8 Yiiii,Lnivo-Ni 32 091 3 9591 

2.8.9 9175uattlisrintaim614199691n{ (Quadrature Encoder Pulse) 

2.8.10 Enhance Controller Area Network (eCAN) Module 

2.8.11 Multichannel Buffered Serial Port (McBSP) With SPI Mode 

2.8.12 '614191/ta191lh lia59 35 9i@5 

2.8.13 NO;)v-wingaallffiTh01,,bnIh 

2.8.14 101i-ukitinnautviaiiiAlYiTitiql1n7ttnuiii.itiWitt 45 tiNih 

2.8.15 aluiln'91oritiqtinsdninuan 



a TaD.TWST.7CIr, 
'Ike EPSUS, Bar! 

e.L_k 
N 

fa. SAIsok,' 
SIK IS 
anal) 

S. ran naaa 

.a.ow 
k 

iiaal arta 

I 

N.=a,a ane n 728:2 .23'1 CZE 	2,± SZ.E.r 
'n! ,3 	n 725:e. r 2822 r25::' C2E:2 a,: 

'‘an:t•ta 	 Ta:' 	.17.2 

5 

22-az CF.L'TNER.. 

NFV.14 "idyll.  
Snz2na 
nn.-VI 

nmii 2.22 liganima:-A,Lnwiral TMS320F2808 

TMS320F2808 tuilaanallna134-mivini 9 

1. iniimht.anar.wnail (Central Processing Unit: CPU) 

2. Vsit-mfrtiaAi (Memory) 

3. twairNal@aa (Peripherals) 

46 
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2.9 miluihnnawana-w 

vivi,- uihnnoNanonA iitiNgimhzarininlawrivfil,MNIfl (Fixed Point) Iq1011 
TVo'W 32 ilq) atInngaiiirniallalnItuinn-rithatana6.-tijuunt-aiqiia 

erniilqunniniu RISC y7lliltl an-ol1un758i6Luul8a615tinuT1'nota0l 7141,01 DSP 
171JilINT111791 £1/11111111J9JO15716l (Harvard) 112,1111E71411,0,31i111111J11T1a1J 916111th7-1 

110,1 RISC 	9Iirmai81IndiuLLR:CninwiaadalAlu7 -i6iFniN 
19inininvvo 5auktraturnin1iqufr1a1litlimt(Pipeline) 

irradj-Intalrrnlirme-i-nrmmilata 
iiar.gnanInI,i111-611,M; hifiql.6"6-nallznaina.rov1/2nihnnaN6riai46;nlii@ 

2.9.1 1911-m117:..-anuNanuil k1.15unani;lant*li6I1illinum6r-Rwtiowt1g91+ 
aaknni7Latt,f_ii 	 19167utyrnit1fa8JaLL61- 

2.9.2 .a'8J66ctinuan (Emulation Logic) 61Vii1J6WrqINMLOZ:fM1191J114ViNin 

2.9.3 'ertinvinta-rwilin-nviloaAariumbowriatma:ailnItiniunanirutirim 
uniinnuar.fiumwti-mthzanowanail inguint'LL6itnaan agmemaniunivriial 
wainihnymNanwALNinaaqn 

2.10 on-nloun77arnaAwainhnnawana-m 
2.10.1 aaqn6--aucuminiirnalunni LLania8Jaoanityl-mi-ifiYehn6n-rval641 

2.10.2 Intiokittiminaiiiallm+iidilinIn5nlini46trauvriui-  (Address Register 
Arithmetic Unit :ARAU) ARAU11;cMitiotutwthlkaii-iiiiiiciallitmarnirtini-town3Jt-1 

iawaimilm-ndiwiTaua oniuiliaaJaarifikmwtiourniakarmi-Annialla (Data-read 
ql 	9.1 

Address Bus :DRAB) aivIiimiltiinuialia'fqurnmlaEjfiliaQiitmli.niinvoiaa j.Jo (Data-
write Address Bus :DWAB) ARAU ailmt-nivauvslaGqi -maiinwawsrai (Stack 
Pointer) uaziermai-ii-au (Auxiliary Register) (XARO, XAR1, XAR2, XAR3, XAR4, XAR5, 
XAR6, XAR7) 

2.10.3 Wti'm (atomic arithmetic logic unit (ALU)) cnniql 32 fivi 11.1627riszvi- ni.1 
fltiblfligqiiituli 2' Complement cm.-  nisnInliaanv:du (Boolean Logic) stiriactvil ALU 

ALU 	 wa-JEA-nutniatia ni@ain 
ithunniwnifialaa.0 airatu ALU i.,nriuwa6-vvilthillatqa{viovniincrautrffaua 
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2.104 1611V1i161.16141 (Fixed-point : MPY/ALU) iititimrrithiniIFptinni 32 iThx 

32 116 ¶16 2' Complement rii"EaliiiiN66314111616 64 116 

5i01.06{0886811 P 110:-.11@661116616afill.1:16 32 116) NaASNillalf115611.1R1111111.111JETA 

5"i'a16a5 P1,6-  

2.11 76?6,9-ioluonkl2utin-anawana-w 

2.11.1 1,60667I16O160{ (ACC, AH, AL) ;iailenlia{v4rifilihni.4,*.--r6ilint-u-num 

1'uiviiiCvaswval ALU vammilavinrnlinthibmq5.nrawLiiu613A1  66a6417l16m6a5 

531511 n'1S661aa1k U7 £16611 YJ5aLl661U7 5731 tIJ rrnuin /may Lianittiumnittirmifirnwin 

ml,666-mAiiialimmi6 32 1J91 iLnill46-nua-nriltifinarni46villFINth-Vli.  32 1161 °llaJ 

niInT:11-11-m6a6LoahanowiafrnarnmailaamiJui4[16afhaltinnq 16 NI 16.  2 6"7 
613 	 s. 	 9. 	9 AH (16 iiwnilintp) Lia: AL (16 	inillw1) 61116666: LIJ6MEIL14, AH ILO: AL 

a7a17S669i7riat1ad-N6m- 

2.11.2 	 (Multiplication Register: XT) 

6 1116 61 7 61) 	 6 /111TaT16111aillilATWRL63JM1165013)31.1/16111,616 32 	Li71 91 	91 	aYlab 

'i714 16 	 XT 	 IL cia: 

16 fi61ier1l4nuana,filama5 XT CiOndniamai T 

1,611111-116 16 	(11triqainntirnin-ntint uazlitztlin-n(6aufiqkwilmiln-nfiilm 
Talmni-nn77Cgou1161 

2.11.3 1661,0n{086iNi.  (Product Register : P, PH, PL)iffi6afNaiiNfi6mJn6niri 

iitrmi1Ja1ira6-iii-inti161 32 110 ill,nm-11111214:3114110Z.-0-11.127616 #61aU(nE11161.01R61-6-16 16 

1191 viia 32 1161616061-.1 -11-161.1/2f161164.1iO3,16 626.9‘flen1676 16 1161617 32 c.io 

iliaiLatoErf Iliad 16 ilqvia 32 	'''-intyn6.-ainLyininafi68(,918-7'cualyivi,--Anhzar)800 

non., Tamoidatilaanliiiilv0iatqatinvw 16 fiq aaJ a7lktla 50a661a5 PH (16 YJ61 

vii16T-Inv) itaziINwiaf PL (16 1.10161.16niAll) 
„)- 

2.11.4 6-7°ISMOVikm67i8Al (Data Page Pointer: DP) 114)I`611611-156'116-11,1Nni-1 

16 £16I-11AlkThclillAli0110:11/11:1AlLtlitili6611,11108111,illt6EU6: 64 	11.1n 	n-/ -1 9.1 	9 

191r719 Yi7007'13161 
A- 

2.11.5 6`)ISRLI66 (Stack Pointer: SP) 6)/181.01mblYieamnliqlnY141,n181N1€1114 

191111667'DATITallGli 9T-fista1,1,916:11111;1€1 16 1161 1,6aZW111-fln6HJ91111vistiavviz 64K 1.131 
A' 

1"1141160116 

2.11.6 5t oL61a5717U (Auxilialy Register: XARO-XAR7, ARO-AR7) nuinlInnaN 

nni,3);Cf.hninlivr7-681,9104-inci91 32 	6nV)T14 8 ii-)11;(aiu-nnlierritliiinni,166-naAi 
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Iliat4a1,91a{a19il1ili3H141h1111qt ifa'amafninittaiiiviuLliEtalnilAH,18,q-iLom:t1114 
191i2814T11.1tI1L1111119 iwwtintiiniiii-Cimflafirtn91 32 1191 Y13 8 9Th 

t1113L11gaal7ragJ6: 16i791 

2.11.7 ItlI11,f5AJt9altO1n5 	(Program 	Counter: PC) 	nfia1119n-f91a-J6715anni 

1, q11119105Aal,9114?(TM411,MulTleil5Gia191kr/iin-5 fetch 

2.11.8 itiifftithufmnattmai.  (Return Program Counter: RPC) 1,1101/11115 

15unl9N16:1LcR 	 RPC 

RPC tlfl14)411114ffL191i1 nIn17un-nr1onnalwrommih1G1l91t1ni56i€141 LRETRhin 

9411.1,1fialf7491-M17E.Tal4/16'1A:d-114V1fliff6g 	RPC 	Lla.:€111114MIAM:11/101014114 `1"1 

RPC 

2.11.9 'il eirtqlaisirnallt-: (Status Register: STO, ST1) un TMS320F2812 5715R1.919i.  

aniu://aLiaaliiA'a STO LL6: ST1 ell,nntriqualontiazilwraufwarinlultt 9 	y 	5a art91a5% 

amnInilatnnuluLwznnIIA60A--,oinwainwratnin6 
2.11.10 T60,91aifilitIlliTHSZ11111115‘6).4016{4-1NYT TMS320F2812 

arialiiii7'tifiiuunInnurr5'6ut91afirr4a 

2.11.10.1 '91.41,9laiiiAlYiLtIAInfl5Ieft519{ (Interrupt Flag Register :IFR) 

2.11.10.2 'n'flisialiimittatvotiint4amaT (Interrupt Enable Register :IER) 

2.11.10.3 "hirn'tioloifvulliELudiailatq 	(Debug Interrupt Enable 

Register : DBGIER) 

naoln IFR uniiiyaLyINna-vviiimInnvon-mnatffidio.6utqafivivi (Master 

Interrupt) Lila199191i1kna3ainlonum9191 lai±iadquoifft,-Jivitasarginfritinum, 

93erunsmil9195at191 
nl.:-Ancarrnfrilinariarmiliguiimfivvititilqiu IER 



	 C28x Internal Bus Structure 

Program Address Bus_(22) 

	f_ 
	-  

Data-read Address Bus 	(32) 

Data-read Data Bus (32) 

PC 	I 

1 
MPY32x32 

XARO 
to 

XAR7 

XT 
P 

ACC  

[4—  Register Bus /  Result  Bus 

Data/Program-write  Data  Bus  32 
Data-write Address Bus (32) 

@X 

flits 2.23 Silmmai'llalvrt-20thnratman611 

2.12 r117th-OliThi9ti2ENITI811 

TMS320F2808 
.;; Ithttnn, binytiiThenanIn&mialfuvrt-buff-rnthitiatininuan14  v13 L611 %J11a3°Ua8J s3~°If 

11141Q1 32 17191 LM:Vi16L911i1110aI1h661171.11i1.1WW1 22 17A 6lLIVI-1111Vai2Elf1111A1311115LL111 

aarnihwhloi 91311 

2.12.1 vi-hownaWniaajotio:viliinfrnaNiTthununinivi 
a- 

2.12.2 INItylailal 

2.12.3 nruglaikivi-urrn'6<vomaiiiiyiiial CPU 

114flil3k3UMO "Low 64K" 11 alalWkiilr10-113Jt1:11fiflIJIMTJOUtiltillinlj1.10,31T01161J14 

DSP Gl5dfls3 240x --rq "High 64K" 1i6i71V3ti99n63°llala3v9v1/2flfrratia:vd5uutailauriu 
1414911a1TIJILLII5IJIA DSP 9111'116 TMS320F24x/240x 441aS:11411-1VA:AVIliflillAlfl  a 31 

LtvoliiLilariuT6qtan7:-.QN TMS320F24x/240x 
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2., 
11M 

fiTri91 2.24 r7.111uin61-tiatti 

2.13 Billn5i1i,giarii4 

TMS320F2808 1JSdna1i a0  

2.13.1 TIMER int'W 32 fl (0, 1, 2) vu TMS320F2808 ri Timer 7101111410 

litaLlaN011 -11/.11-0q1 32 1.71Miniu 3 ‘io.;118 Timer 0/1/2 Timer 1 UN: 2 unanaTaimili 
7:uurrn9ro-rwritami-autilt,-artaNanail •71.4 Timer 0 
liu1.4 4,1 Timer 141114innlikililLtalwa Enhanced PWM 6.11t1,1111iTilOt5ttnfittgingi-maanlai 
4@"Timer A'-iwilliainTtortilLI (general-purpose (GP) timer)" 

2.13.2 LIP Enhanced PWM (ePWM) 	 PWM ntiiu 
"Aalniarintm-ni, 6 1316 kirMiattiattia131 2 t8Tritr '48 ePWMA 	ePWMB 
ill  2.25 



	 jpoaLt,7yba___ 

EPWMSSY NCI 
E 	INT  

FEW.' LSOC 	 while 
—_kPYIBM_S 

EP S CO To sCAIII 
mcduie  ..___Th_t__EPWLMSY NCO 

',Sync :di 

EPWM2INT  

t_ 	EPWM2SOC __ 

EPW 	SCI 

ePWM2 Module 

EP 	Y CO 

PIE 
pEVVIS2B 

to 
GPIO 
MLIX 

EPPSMeVNCI 

EPP/WA 

EPWMxSOC 
ePWMe Module 

EPYYMeSYNCO 

FPtYbidE.._.._..- 

 rIS 

   

   

  

Peripheral Bus 

nTriil 2.25 diganimatunwval ePWM 

fintsanikal PWM 

1. wiliciairmirusmunad vu1v1 16 

2. a PWM 2 La-niir (EPWMLA and EPWMxB) 
3. ndwidimai Asynchronous override lia,Airtitipm PWM IqUe•iiVo 

mJ6118141-8ii 

4. lin-n9SlItislu4A•i1iiiatlikrin665am1in aJ niItnianu ADC 

(SOC) 

5. ir12.117t1tIMWIf1'1Mql.131 (dead-band) ItifirnImuf),Viarvitirn 

itiiiv,invimurituu.arBannalciatun:viartui 	Lad4vr 
PWM vi 

6. ff-unIn61I6Nu61'ilittllazii-utinnt PWM 14' 

7. 414q,nuiniaftiC4itratiitanilwiankruitItilqweituriu 
8, Nianwaljuumiaini-inuiiaa PWM 161,inatrojays6;nin 

PWM 
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9. 1.:6141.919fT1N4A-Thill11-17116.1119.4.9-11-111 

10. 8151ILLiit7mlekrit-14 PWM Gla Lam asymmetric, symmetric 

2.13.3 Iaioautlalkutinmeuiaamilniroirm4A3ma (ADC) csim., F2808 

12 1191 1111970.11,1,9.1filyinay:ininiu 1Lm1Jeilm6on191azitm8JnivAil 2.24 

System 
Control those 

Hien-See. 
Pres.ler 

SYSCUYOUt 
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ADCENCLK 
	

HSPCLIt 

2.26 it68/11G1anl,f1I3J1184 ADC 

=t 	A' 
t101,1116119.1 ADC 3J91\114 

1. iiinivanb'oql 12 laMi 1,1fltil1al Sample and Hold (S/H) 

2. kt-vintougaanimA'uvrariluiiil 081 3 Logi-  (6113,7111 

3 V 

1

atUTNaawirrluilalaiaiaoin) 

3. Wn..16514117,61.MffIR91 

 

 160 ns ilitu 	ci tymtnitliiiO4 ADC 

12.5 MHz, 6.25MSPS 

4. ii3ntuannYoritwgn.R-Inatt 16 6-1 

5. iffi5"4(01@51116914ni56rilietaaiNakti5i11a4ttiv.16 giTica 

unnt-htbullaynt oanimilaltilwiThapiiciadtie 



Input Ana log Voltage - ADCLO 
Digital Value = 4095x 	  

3 

(2.35) 

6. ilq-natilQwfvulunglqiulurn:-.uito-n-Thttoiaii'vvrilquucuil 

lthliqn-iffallautimfivIvintrin 9 End-of-sequence (E0S) 

7. ally5nfi1n1stniallitIvonCiumuaHilurinatd9m6-qa.aaril 

(Auto sequenced ADC in Cascade Mode) '71f a1 

014,./ 1 167'21 v104.1torjriutiiinani1C4onlvio'utnia 

ylirrtt 

8. qmilrobnintilalluivimirtmaihicrTh•vianhinWtulli 

(Autosequenced ADC With Dual 

Sequencers) iqlouliffrgaraantilnami6Tn9 ted 8 	 41)51) 

aql-rattrarn-qi111443.01-kro414fluiflub'at-.6atitt 

ePWM rinina{plarntyrillinartilbalt dual-sequencer 

mode 

10.417 sequencen wili15n.0-N-rttlitivw9i Start/Stop 14'  a-unin 

11. 11614,vma-rniunilLialuniltalagia 

(Software Start: S/W) , C41141.1Q11E1 ePWM 1-  6 ttaztialutian 

GPIO XINT2 

2.13.4 Watchdog F2808 allifawuniniThrivell01 Watchdog Timer .41041914-0,1 

LihntIL1161,TOLLAD911111751,91q Watchdog counter uatwindiThtrwini511,61f91 Watchdog 164 

a1nn7n7tirris1li,r1% 411 plUTSMIFe11119111'1141101 Watchdog 1,4quirril disable 

2.13.5 General-purpose Input/Output (GPIO) Multiplexer Litantlikaiiitrn 

luctim:-..rlitiq¶inGPIO ItIVUJMZLIT-4911VVIDUZIVIr 
..- 

Itarl11114£11g1111511112111011thl16'1,61Alq/1,814-V01 	 GPIOlatlii3.01bwiii/ 

Lai8Twql 117111 

2.13.6 Peripheral Interrupt Expansion (PIE) Block PIE block FriatiltiIa.liitn-I 

Z 1̀,0M055Va1A1n 96 fusi 	I:un-a115ntuj ift 8 naat to-ioznkinnflawlia)..tvai ms 
91 

6141,41 aiii&n'T 12 	 (INT1 Flf INT12) claulmaiii/197A 96 adikutwaltintqaimal 

`11.0.11141J0flMbEJWII&Jt11,61.11J RAM 651,M2ammilflitskl41 

2.13.7 Enhanced Controller Area Network (eCAN)1,w,i0iCknithrm0.0470 CAN 

61ilairuawttu4iian4 t1w..-finiirinamva,noianamLavilviiian 410,14 CAN 12.0 B 
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2.13.8 Multichannel Buffered Serial Port (McBSP) McBSP ffiarntilobiatiunil 

tinr;camalluAuldi1  

9nt,n191 LQ1 ¶IiiMcBSP athiA.niavolutima{Lam FIFO (First In First Out) 

2.13.9 Serial Port Interface (SPI) SPI trimff Of4wir La-141raiinlasuu 
gilknla.C2f (Synchronous) frnalift '6111 0-11.117nlialp1919tAHIATftilVilallf,Vi 1 	16 

1:11 tialarntivii-mataanatinItillqueLtin-nla-m-maIJILLn5utilqrninil SPI leff 

DSP flanIvnaLaaiLta:ldnItitinnuanWiaithitert918125149 

taiquiln'iiatruilitilnislilin I/O niEntonvliatmliaapr-iiuqiinwittiiv, ihNI%'atqai 

(Shift Register) Urfnai-niiiLame4ou,az ADC turtil'ii9ialiu 7r992lla9InIftrmalo  Gil 
a:lihniuu-iffmai7ganAl (Master/Slave) 1101 SPI 1,1.0: F2808 a :-..ff13J1Ifil°11"98.1,N1,1,1J1J 

FIFO 16 7:911J 61141/iltrAllif1119111-11.011.19  5'3 (165"J UJR~116 

2.13.10 Serial Communication Interface (SCI) SCI tiluwaivialrlannm 2 It 

(Two-wire) itignfiillqi 	 UART 611,11,14, F2808 guilfflikfli55lJ-441Talp66IJIJ 
FIFO 



nilaanuimmuM, 

luurnizmjiirlAnilaanumniutA"ti Iqurrn. tioalniTAinioi-JuIthunnr 
Matlab/Simulink Lilainwmitenlintfial*twaztilluawm-o6"-116,31nn-miqffainzuuniI 
Y11111-6talunaimai 

'411,uni -AaanauvihwnlaiViannimAanifianitilanal 
-3,Rn-ifirildnolThRnatmafriavi bitmalnifini6inmin.lti-milqiEitlallunivvil 3.1 
ffilleiarmwrilkindunisflebwrigqfialwalnifirl-al 

nitric" 3.1 i.Mtlia-naaltnnicLqatitalin11t1LAROtili=1.A11114in 

di 
V = Ri +L 	+V , 

	

dt 	c ` n  

= V - flew, Winallallrrn (3.1) 
di 
	—Av—Ri 
dt 

,.. a-mean-1-1,n 3.2 utlaltiluurnt 	v.-Untu 

(3.1) 

(3.2) 



t  
= Av - Ri 

di 

di , 
= Av - RiFr  

aan-nrirl 3.3 ua: 3.4 inIalliqluitnu d Raz q WA- 

Avi  = AK(  cos ag +Avi3  sin on 	 (3.5) 

= -Av sin on + At,  cos 0/4 	 (3.6) 

61.0:117:11, 1 luirmil 3.1 LLIJNIliaviliaLnu d LLOZ, 

:: is  cos cot + ifi  sin ad 
	

(3.7)  

= -i„ sin rat + i s  cos on 	 (3.8) 

viialinllauvinfiaaam-nil 3.7 LLaz 3.8 	L9i 	finam90a:.-14' 

	

di 	 di 	 di A  
L 	= - Lroi sin oil + L = cos cot + LAW 11 cos of + L 	sin on 

	

dr 	 dt 	 dt 

di 	 di 	 di 

	

L 	= Lot',, cos or L 	sin on - Lod sin rot + I 11  cos oil
di 	 di rlt 

(3.9) 

(3.10) 

giouniA 3.3 Lia: 3.4 LLYIRMinalm-nil 3.5 uaz 3.6 azlvi 

di 	 di„ 
Av„ = L 	cos tut + Ri cos (-91 + 1 	sin an + Ri sin or 	(3.11) 

di 	 di , 
Av - 	' 	sin ot Ri sin ail + 	COS all + Ri cos rat 	(3.12) 

dt 	 d1 

i9-71a.a.m-nii 3.11 turd 3.12 1.mi.e:..-14 
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(3.3) 

(3.4) 
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di 
513  

Av 	L
di 

'" cos oil + L 	sin ail + Ri ‘1 
di 

di 
Av

g 
= 	--1" 	sin 	+ 	'13  cos (pi + R i 

di 	 di 	 `,1 

3.13 um:: 3.14 wymill608.i6iIi4 3.11 Raz. 3.12 

di 

di ‘ ,1  

(3.13) 

(3.14) 

(3.15) 

di 

dl 
	//oi + Av 	Ri 

c•I 
	 (3.16) 

LLY114fil AV,/  = V,, — Vy,,  6661' AV/  V,/  —V „ litaumliti 3.15 tta: 3.16 w.)1q7 

di 
= 	- „, - 	+ I rill ‘,1 

di 
L 	= 	, Rirq -Lain  il „,, 

dt 

i'91111R1'fIlIcl 3.17 tta: 3.18 lva.ro:lii 

„„„, 	L 	-Bird  + 	+ sq 
di 

di 
- L 	 Ri 	&ill „ +f7„, 

di 	`,1 

V = 	COS WI adUi ti = t -  sin oil toia.aliatiluttnn d ttaz: 

—6 ,,  unz V = 0 

terttaawiril 3.21 aZ1URSJII1T111  3.19 ',Wt.  3.20 azU 

It - L 
di

m' 	Ri,„ + Lad, +17„, 	 (3.22) 
di 

di 
V = -L 

di  
'i - Ri -Levi 9 	 (3.23) „, 

(3.17) 

(3.18) 

(3.19) 

(3.20) 

(3-21) 



A 
416,11.01*-1 	yar1Q1711,61111ILLIJINII 1100,161,ttra d 	q ;in 

2 
(3.24) 

!mug i,,„„ 	ttaz 	4nilkin 

/ - 	- 
("" (1 2V1 

=1 	/ 

(3.25) 

(3.26) 

V<< = 	 (3.27) 

iniala-nliTnirrnil 3.22, 3.23, 3.25, 3.26 LW:: 3.27 icia cilnali s - domain atUT 

fl„„, = -i,,,(Ls + R)+ 	1-11„, 	 (3.28) 

V q  =-i„(R + R) (-Aro 	 (3.29) 

i f' 
Lan 	21%,,, 	2V.a 	

(3.30) 

/( „r 	- / 	 (331) 

= 	 (3.32) 

TMtttatialnilTri 3.28 - 3.32 anaillugatilmal- urmnal'Aunaftqairilqiu 
A A TZUMIS1149144riElfrinaiiblilit1T111 $1,11,60q111.1)T111111 3.2 enlainiv1mnfitlii-1i86516il6 

vc „,„, ma: U„,,,, 
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6'14104(004 (311fInfl,111114(1'41 Kimutpulonniuciauimi 

+ 

(s  

tl'1 Yd 3.2 umAiNannlfitilwriaqicivaanaiwai 

"11-1115 0111fl Ial1171111-11^191 	3.2 9•,;:L1i(1e1i12illinlG114 nuLl,d  LW: (Ohlw  tilaufni 
17,„„ci fritvillia-milnaanuuuiic)(niluin.)4'ulisisiiit‘ati-hi3ent-

tAalin-r5vnufalin'lltaiqsiturliotii,f6n:::-.1"uoununali(nufluivai 

- 

l 	

„„, u 	1S Hu L LL L 13  q  

aanuvuirawnifiuiariilbalniluglnivi 
 

 3.3 
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trrrifi 3.3 niw iumi'Aunafiqini19(11,4n-nyliummuu 



Voltage loop 

61 

W111/119N171 3.3 IS11.4tinfiThf11.11,15111.1S4ITR11141111711 IMJT1111J6@flimanI,T1I2JR11.1-11C1 

WThf13.11,n13V146161317010Ej-46011:: 4111447ttitalti,,Iii-v6 V LIM: 	al3J11C1MIN1111A cond 	(„,„, 

Tinnt- tLeoolitt9T-)ntitaiont- tta 	UN: 	IqUillniefW:111Thili1W31.1€11166111.1i111E 114 

1111IW1111.11,171611S4ligtit'LLR 

LLazntaterhOlvtilwaliia i TA laniNaqian-naimmillastsfio i.111;14,1117Fl11.1f),1161,11;114 

@inninim-mvit-ItinlioqiicimnIa5nifini6jirnalAttnaltqoiaiarrsntiinutibt 

uganimazunIJWIVi.911-11,1171 3.4 ;11.HZ611141J661119182:66flIIP71@Ib166105691@5i1BE:111,6511111J61,1111 

itor tthint -ParantAenimat.- tmatQind-niltintNii 3.2 uut3.3 l'liaichltanAlUE111.4 

Matlab/Simulink 

alphibetatod_q 

n-rrn 3.4 twukraa,ramm
A  

tluithunIa,  Matlab/Simulink 

3.1 04411I:tnalm@466utAiau4 Matlab/Simulink 

3.1.1 It..-mtinwpt ainu6anlmt..-1,15173J114,1111N91 2.13 ..-rttilatiiiwn.au Digital signal 

controller 9s.NtalIznaultlehuti6an "Voltage loop" uaz "Current loop" 911@nrilVlVoili 



abc_to_dq0 
T ransformab on 

Discrete 
Discrete 	PI Controller 

Variable Frequency 
Mean value 

abc 

dqo 

sin—cos 
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frauqpinz'66o6i62.- nli116onaA''aLio56via5 I91nzotiliftutinat, PWM 	SPWM 6 9716 

fraulunilfromovelbunDiigiai LiataHiciti'Llalturaffillimtiflinnmalmunu 

'4iniAon " alpha,beta / d,q " trathimr-iiiivilaltirmvapa-iocraimiTislitirttaLikt 

n'll'hadiufiLtazu6arlivIer6animi (PLL) 

nTriii 3.5 611.11.41nd.na,raon PLL 

O 
id_ref 

   

K2 	 

 

    

      

        

Id 

       

iq 
iq 

       

       

        

(7) 	 

iq_ref 

    

 

PI contr I 

f111111 3.6 u6@nistancnianiu Current Loop 

     

  

Vdc 

   

CD 	►  

  

Vdc_ref 

   

   

PI control 

   

    

id_ref 

myth' 3.7 ugarilmanismniu Voltage Loop 



Tnagle 

Constant 

Vdc 

Analog 

Filter Des gn 
Vref 

-u(1ren(u(3))+u(2)'cou(3)) 

u(1)*cos(u(3))+u(2)"sn(u(3)) 

e 

d 

u(1 ycos(u(3))-u(2)*sn(u(3)) 

alpha 

idq 

zeta Lpill 

rsin(u(3))+u(2)*cou(3)) 

beta 

TITItil 3.10 lAanti@ntnianiu dq to alpha-beta 

63 

Gain I 

nit 3.8 •aatilmazunlana,1 SPWM 

1119414 3.9 I.CAanlqi0n6f15WIla,1 alpha-beta to dq 



Consta t (  1  ) 	 
Vcond 

Dvide 	Gain2 

L R 
(Ls R 

WL 

	<4 

W LI 

I ►  I nt e rat I 

1   
Vdc

)  

1 
L sR 

i(Ls Rs12 
2 ) 	los 

Vconq 

3.11 1,1,1J1J -laal°110.11J6@n Inverter 

Discrete, 
s= 5.t 44e-G03 s 
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3.1.2 al.111s -1aalttina.fis)a{ hoiTuittttilnic6anicianl,T173J9711a@lfILIST11411,VC: 

110.11.4n0i),3)ni itiFflundquintivint PWM 

utlalttfrati-orwilalainituruint PWM orituanunHatjniftllaqtalttilaliiatituttnu 

1N Sa16 ImilliewafinammAinn.qinnvtil 3.11 

_L 

c- nityvvi 3.12 SzmAiaalnifirlia:l'hutia519.1a1 1,110RcW1111.1.1111fla1411f 



I 	I    1_  
005 	0.1 	0.15 	02 	0.25 	03 	0.35 	04 	0.45 	05 

lime (sec) 

10 

3.2 wanaa,n-rniiininmAtinaitoo4viitwola 

wine4an-ntiaallinea9iauana49iairutuinvihtfPaL azylulinaTtaiiitreida 
' nafcizmicln115flu'ari 7ilivton-nzn156ilant66LN:',N91LLI1614 Lffiniiitniramwfirm 

c 	A ci ramuniaerZwiitauvoi 1:1111fiThtlIJR1111111fnut-I.UNutanR:AliaioTanarnmw 
1111IRLMJ ' -iriNuniltioaluomilAivinlilzuuwaufpai716\619bigig iiragaugual510 

kruimmnivotT@Lii,n-39Iii 

0 005 0.1 015 0.2 025 
lime (sec) 

0.3 035 0 4 0.45 05 

10 
1 

T 	D 
_ 
— 10 1 .1_ I I I I E 

0 005 0.1 0 15 0.2 0.25 0.3 035 04 0.45 05 
Time (sec) 

40005
1 )4 421 I I 1 I I 

1 I 1 I 1 i -395 0 0 05 0.1 0 15 02 025 
lime (sec) 

0.35 0.4 045 03 05 

10 1 
I 

10 _L I I 1 L . 
0 0.05 0.1 0.15 0.2 0.25 

lime (sec) 
0.3 035 04 045 

mini 3.13 Naqaurualtriatlia-4qt-m'hurmaln-nuJaunutimainnu 
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5500 

400 

300 

20 

100 

° 0 

-100 

-20-

300 

-400 

-.;00 
0 01 

1 
02 003 	0 04 0 05 

Time (sec' 

006 0 08 

Inserter and lithe 
DC Source 

Transformer 

Sensor 
Gate Drive 

Sensor 

MN NI level ship 

66 

Tr-Mil 3.14 N64"Thalimrii6;vvab'unaimai" ulaalw'hainne ivv61{ 

3.3 niladratuuttanrnii--144'-rag-t4outii 

3.3.1 	/117a EMLL11111W7116.1 

191a741.10,1glitlif a.ti_11:1181111WcillilIVill 4.11111Ni92  3.15 Lwia:,--]nsil 
t̀hn4n.tr. n-nri-mi.otid  -  

Unity grid 

0 

11 wci 3.151f171KillallalvAutiaftqaiitulAavir-nnnAivrain 
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1. M51.nian.:4111,15,1i1141,141Thin 3.3 V 	5 V 

2. /-1)N7101,11O Li111.11.17i711-ffitunntrA"t::vi-hrisi wiampiu,nrifill LiIn 
.nalfiwniniirmi-cr)layiJn104-arrNzlaiWilirryfrnliplialunin 	 HCPL- 

a4 

3180 91100111111S111,41-11700-191 

3. -),R5q)-H-rgifl7:1,6N,LP:161.14-1,1, 

4. iTanliintAWIlit-pint 

3.3.2 m5Cint6ii1L65lG11flyliN1vin 3 V 1.1.10114 5 V 

iturpm PWM 171NfilfrtVnii DSP ltl.R111111,11.1,1111A111.4°81.1 0 - 3 V 911 
ilinuintitUiltullienamnaiiinJoNvv,10ainilarifumit1ilqum.1 
1118{ TPS2814 	 PWM alfl DSP 	 0 - 
3V hilt 5V na.a6,11nri,Imriiiim,1 	 PWM 114 
rilatnif1.01811,1141111141N5aufill 114 TPS2814 6111:04,0-Tilaanii-mint PWM 
atniiiLlail 5f1omv5aadimhia18.11156fiwnian;nvnoilu-nan161 61JnivfYl 3.16 

nl A111111M1 PWM 71alZmia56GiannfilL60ivtieralituripnt on 11.66- 01 
arntifliturp_intta-witRilifiivillutin6 itazaTikruint PWM 1101'61.0;3811,910i1141111:4 IF) 
ITIaalittitiondianiunwinii,n-in (high & low or low & high) IllaRtillt:',1,D11,t11461%1IN'Ol 

kl11112fIbLaTI4rRnYlifillktfltaltIrl 	3.16 

TPS2814 

11N1 	 VDG 

11N2 2 	 1OUT 
1 21N1 

2IN2 4  	 2OUT 
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PWM fithlanain-masfraufladivniaanhzantit 1 OkHz q1-11.4641C4onli11aeriunnni-ii4 
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3.3.4.2 Th1815-A-3-911.1.11111411^1Alflt'LLROill 

airingwf4 3.20 LiJuilaTriaantiuufnanolamlvinruniquilaiinurn3 
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6iwnaitei4laaA 	cifi-m@Itit 	 (C) 	L1 n1 
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1117t1114,-)111,flielicif17fl11,1,1J1Jilt21,111J11111 (C- filter) `111,Vlinti:R1111,l119.JMI 

68Ja 	C 	 
271-  N, 
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nisfiTuituamci-ii -mal‘hwitnith (L-filter)411vanzauliiiiralas 
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61? 30e10111 c,  

a 1(2 

0, • , DISCONNECTED KNC 

GEL files 
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t 112808 XOSICIO USE Em Cede Composer studio - Not Connected 
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File Edit.  Vs Project Debug 	EL Option Profile Toots DSWEICS Window Help 

A c 
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3.4 mnebtrriii Code Composer Studio 3.3 	Matlab/Simulink 
iDativtuithiLifirpiceottomtalivineithanti6Q4olfiaiii,19 

ofmniluntlimin-nliqrizin-nnierouqiil 6111ithunlas Code Composer studio 3.3 
Lfhtihriaiani7vtaaNiativin16-nhzanarAaLLazIthunuwnwai 

3.4.1 vhniliiiaaninnri'llqoarry-hqaf6-mymaiiianhnnairlituinaiUlaa 

TNIS320F28081r Experimenter Kit 

nntifj 3.24 niICiiaaNio7n,rii,waaJfrAqafrrwqfifiariu -nhnnairunj-inaiUiao 
3.4.2 ii1Bitkiliiitin58J Code Composer Studio 3.3 ➢ anithiiimRn➢liailinviiii 

3.25 

nivicil 3.25 witiqh-nditillumn Code Composer Studio 3.3 
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1
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Breakpoint; 
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vim-rival 3.29 ttmAigaln-nfiTata:thznaili-t-amtgarriaiftruttaill 
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3.5.2 iAan 028x PWM 

DSP TMS320F2808 
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3.33 	(n) 1J6@fl Simulink 61Viiilt111JTJLI,&:',ffillatIltylatI,L1J11171941,101 
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1T 	  

=T are . 
FrOcl 50 00Hz 

=Trace2= p-p 	 io.ov 	 
Freq 49.02Hz 
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CF11 5V CH2=50V 20ifis/div 

174011 
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CHI: 5 A/div 

CH2: 200 V/div 
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Freq 5.000kHz 
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CH1=5 V 
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4.9 Ainit-grnagnintwitiltri-411.yeilitovnintriicsalniattiAmvsuiormivIlli 
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CH2: 2.5 PAIN,  
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=Tracel=P-P 3.000V I 

Freq 50.0011z I 
=Trace2= P-P 	880 .0mV I 
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Abstract 

This article present a single phase grid connected inverter 

which is uses current control technique in the rig synchronous reference 

frame. The control technique can he reduced a steady state error of 

current to zero- The load current teed-roils and compensation part 
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samals. The experimental can he done with :Is11C30E40H digital 

signal controller and I kW inductor filter inverter with switching  

frequency 18 kHz. The results show that the line current has 1.8 0/k 

THDi and 94 % efficiCTICV. The grid Connecting  and step load was 

testing  to show transient response. 
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Abstract 

paper present.H full bridge single-phase inverter for 

connected to the electrical distrihuTed system with Proportional plus Resonant 

Controller. Ille sine current references ignal is generate from multiply signal 

of current rel'ercnce and unit sine of phase-locked loop. An experimental 

system consists or single-phave inverter. control unit. low-pass filter and 

isolated tnufilbmier. The -1-MS320E2808 coinroller unit generates pulse 

width modulation fl'WM) for unipolar switching scheme. The current and 

‘oltage signal from scissors are coin erted to digital signal and control. The 

simulation and experiment program are made h‘ MadabSitniilink and Real-

time Embedded Coder The results shown that the output ‘oltage of inverter is 

;6 volts. the transformer step up voltage to 220 yolk: 50Hz at 150 Watts. 
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Ithann, 

// Program 	 : LCD display 

// Description 	: Example for LCD display mode 4 bit 

// Frequency 	 : 7.3738 MHz at PLL 4x 

// Filename 	 : lcd.c 

// C compiler 	 : C30 Compiler by Microchip Technology 

#include<p30f4011.1- 	// Header file for dsPIC30F2010 

((include"math.h" 

	  Function display character by configuration delay time 

FOSC(CSW FSCM OFF & XT PLL16); 

FWDT(WDT OFF); 

FBORPOR(PWRT OFF & MCLR ENE 

FGS(CODII PROT OFF); 

#define PLL 	 16 

#dcfine FOSC 6000000 

#define FCY FOSC*PLL/4 

fldefine twopi 6.283185307 

tidefine preiod 600 

// 	PLL 

((define Vrcf 5.0 

//POOM 
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#define flima_ugher 0.000045400 10,40,91410101[0-011.1111qqa1161.1 Vmag /001910,➢ 1J1,011000 

6011f11501511W Vdc0.00006692 

#define flimit lower -0.0000454//ri algcnroirilEnti liElflqqa211611 Vmag 

int Kp PIJ.=I43; 

int Ki I'LL-3; 	Vre15-1023 14(111414qd"10.5,141-101A0,111011.10'hli10 5.02V ; Vofset 

fH1ltifldI 85l1lii1`U 	 (Peak to peak)"Ufirthilittfintir 

int Err PI.I.; 	 Erryu. liufil! 4 ell -4 filFrr 1 e24%llYl1Fl9l 

0.069809626114-0.069809626 360fi4ff1=6.282866 -359.9804H1 

float cos theta,sin theta: 

float Vsin,Vcos; 

float Pro Vac PLLInt Vac I'LL.: 

float w; 

float theta =0: 

int Vcon.Vconl; 

int Result=0: 

int Vdc; 

int Isin,Icos: 

int Id; 

int Valpha,Vbetha; 

float dSum,dExccss.dOut: 

extern unsigned int ADResultANOADResultANI,ADResultAN2,ADResultAN3,ADResu1tAN4: 

float dErr,U2; 

float Vsd; 

void Park TRANSFORM( void); 

void Phase lock loop(void); 

void PI(void); 

void InversePark (void); 

void Setup(void) 

void _attribute (( interrupt )) PWMIntemipt(void); 



Main Program 

int main(void) 

ADC. Inn(); 

Set-up(); 	// Initialize PWM 

while( I); 

void Phase_lock _loop(vo id) 

Vcos = 0ADResultAN0/1023.)*Vre0-2.05; 

Vsin = ((ADResultANI/1023.)*Vref)-2.05; 

Isin ADResultAN2-425; 

Icos = ADResultAN3-426; 

Err PIA. — 0.-((-Vcos*sin theta)±(Vsin*costheta)); 

lot Vac_PLL = Int Vac PI.I.t- (Ki I'LL*Err PLI.*preiod); 

Pro Vac PLL = Kp PLI.*Err PLL; 

w = Int Vac PLL - Pro Vac PLL 

w = ((w<=twopi*flimit_higher) '? svdtwopi*Ilimit higher));//tinntWEI1011 

w = ((w>=twopi*Ilimit lower) '? w: ftwopi*flimit lowcr0A1111191f1111101  

theta = theta t  (w*preiod); 

if (theta<=0.) 

(theta -t= twopi; 

if(thcta >= twopi) 

/theta -= twopi;/ 

cos theta = coslithcla); 

sin theta = singtheta); 

Id — fabs((Icos*cos theta)±(Isin*sin theta)); 
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void PI(void) 

Vdc 10-ADResultAN4); 

in 	Vdc ›- 10) 

1Vdc = 10;{ 

Vdc -10) 

1Vdc --10;{ 

U2-Vdc*30 ; 

dErr fabs(dSum)±((U2+1d)/3); 

if (dErr >= 20)i 

dOut - 20; 

else if (d Err <-1= -20)1 

dOut - -20; 

else{ 

dOut dErr; 

dExcess = dErr - dOut; 

dSum = (dSum ((-U2-1d)/100)-(dExcess/100)111.01; 

void InversePark (void) 

Valpha =(305 dSum)*sin theta; 

Vbetha 	-Valpha; 

Vcon 	- Valpha*64; 	// 	 (Obit 1ilti 16bit 
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Vconl = Vbetha*64: 

asm ("ITIOV.W 	#655,w4"); 

asm ("MOV.IN 	Vcon, w5"); 

asm ("mpy w4* i5,A"); 

asm ("mov.w 	ACCAH,w1"); 

asm ("add.ww4,w1,w0"); 

asm ("mov wO,PDC1" ): 

asm ("mov.w 	#655,w4"); 

asm (" mov.w 	Veon 1 ,w5"); 

asm ("mpy w4* SA"): 	 //Q15*Q0 

asm ("mov.w 	ACCAH,wl''); //QO 

asm ("add.ww4,w1,w0"): 

asm ("mov wO,PDC2"); 

void attribute (( interrupt))PWMInterrupt( void) 

Phase lock loop(); 

Pro: 

inversePark( ): 

IECObits.ADIT — I; 

DC lOtestl.c-- - 

// 

#include "p30fxxxx.h" 

nclude" m ath.h" 

ilincludes-adei 0.h> 

I/ 

#define FOSC 6000000 
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((define Pit 	16 

((define Fey FOSC*PI.1.64 

unsigned int ADResuItANO 0; 

unsigned int ADResuItAN I 0; 

unsigned int ADResultAN2 0: 

unsigned int ADResuItAN3 = 0: 

unsigned int ADResuItAN4 0: 

void attribute (1 interrupt )) ADCInterrupt(void); 

void ADC Init(void) 

ADCON I bits.FORM = 

ADCON I bits.SSRC 7: 

ADCON I bits.ASAM - 1: 

ADCON I bits.SIMSAM = 0: 

ADCON2-0x0414; 

ADCON3= Ox1F87: 

ADCHS Ox0025; 

ADCSSL. = Ox0OFF; 

ADPCFG = Oxf+00: 

IFSObits.ADIF - 0: 

ADCON I bits.ADON = 1: 

void 	attribute (( interrupt )) _ADClnterrupt( void )  

ADResuItANO A DCBUFO; 

ADResultAN1 ADCBUI2 1; 

ADResultAN2 ADCBUF2; 

ADResultAN3 ADCBUF3; 

ADResuItAN4 ADCBUF4; 



IESObits.ADIF — 0; 

//include "p30Fxxxx.h" 

#include "math.h" 

//define I'LL 	 16 	'AC PI 

//define FOSC 6000000 

//define FCY FOSC*PLIA 

//define FPWM 20000 	 1/ 20 kHz 

//  	 test PWM.c---  - 

void Setup(void) 

PIPER — (FCY/FPWM)/1.8: 

OVDCON = Ox0000: 	Disable all PWM outputs. 

DTCON I — Ox000E; 

PWMCON I - 0x0077: N Enable PWM output pins and enable complementary mode 

PIMA = Ox0000: 

PDCI = PIPER: 

PDC2 = PIPER: 

IFS2bits.PWMIE - 0: 

IEC2bits.PWMIE = 1: 	 I/ Enable PWM Interrupts 

OVDCON = Ox31100; 

PTCONbits.PTMOD — 2: 

PTCONbits.PICKPS - 0: 

PTCONbits.PIEN 1: 	// Start PWM 
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