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Abstract
Wind power will become one of important pillar in the future world energy. The core
technology of wind power is converter. In this paper, through theoretical analysis, simulation
and the grid-side converter experimental platform study the three aspects grid-side converter
about construct, control theory and characteristics.

At first, When studied converter System structure, analysis the different between the
IGBT bridge and the L and LCL filters, and find control structure based on the L and LCL
converter filte is same, and derive LCL filter simplified mathematical control model.
Another time, the model based on the voltage feed-forward decoupling control strategy was
tested to utilize the feedback of the energy converter experimental platform based on DSP.

A typical voltage source PWM converter configuration consists of three parts: line filter,
bridge and DC voltage link. Also the LCL-topology has higher attenuation above the
resonance frequency and better line voltage disturbance rejection capability compared to the
L-filter.

The second aspect, the Voltage Source Converter Low frequency mathematical models
and high frequency mathematical models are set up in ABC coordinate, off coordinate, and
dq coordinate. On the basis of three-phase voltage source PWM converter control carried out
a detailed theoretical analysis, and both the SVPWM and SPWM modulation method are
compared and analyzed to get a specific implementation based on SVPWM modulation and
synchronous coordinates PI decoupling control the.

When SVPWM and SPWM modulation method are studied, it was found that
algorithm nature of SPWM and SVPWM is same. In order to avoid harmonic problems,
during the prototype test, select the line voltage as a detected Signal, thereby reducing the
system’s low harmonic output.

In order to make DC energy change into AC energy and improve power quality issues,
more research had performed to investigate the power quality issues through to study
different control system program and different detect way. Another aspect for more work is
that the LCL-filter and L-filter are studied and find performance of LCL-filter is the best.

The third aspect, in order to study structural characteristics based on synchronous PI
decoupling control. Through simulation and test unit equipment, research converter
characteristics when the grid is normal and abnormal situations. Especially, when the power
grid come into no power or low-voltage power state, study the grid-side converter how to
work and how to be protected.
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When grid is not power, the converter will enter the island state. In order to overcome
these problems, use a positive feedback anti-islanding control way. The anti-islanding
program is based on two parts: positive feedback and the dq control structure in coordinate
system.

In addition, when grid voltage is low, the power system requirements of wind turbine
with low voltage ride through ability. The fast and accurate detection of the power voltage
drop is able to ensure the safe operation of wind power systems and it is an important
precondition condition of LVRT (Low Voltage Ride Through) features. It can also meet
need of three-phase power voltage drop to be detected.

Finally, there is a note, in order to observe the amplitude and phase of voltage and
current waveform relation and phase angle relation. Bifferent current orient is selected for
simulation and test. When grid power is as a orient, phase angle between current and voltage
is 180 ° when converter work as converter. Converter is as orient in order that it is easy
observing phase angle difference between voltage and current. Angle is same between the

voltage and current when converter is inverter in unity power factor.

Key Words: Wind power; Converter; SVPWM; Synchronous PI current control;
Anti-islanding
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33.1SVPWM 5 SPWM HKINZEB R
SVPWMA] B E R —F i ARPWMIRSI A, HiBHIEHESYTFEZES=R
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U =3/2)msin(wt-n/6) (3.10)
U, =—(3/2)mcos(wt —n/6)
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T H3.10 TR A R SR
332 SVPWM 5 SPWM X 7

1) 5 SPwM #HELL, K= ERTHBERBEFARRET 154%. 4TH
HAREFAEARE, MHRAERAESGT, 85 =H 8RR 8 M0 BTk,
TARRY D T IR, PRI T R R hREBARE, R8T RERTRBETHE.

-20-



WREBHEREMEFATRX

2) 5 SPWM #ZitLL, AR RREET SVPWM BHIAARIRMITXME,
EEHZIPRE 30%, AR ZOtREE T ShREMIFRIRE.

3.4 PARPEEA TG AR B T

PWMZR R ABAESPWMASVPWMIAHI T, #ithek i ikl = Eiki WMz
BRERELEMEARE S L. EARLGT, KERBIX, FHR-AHINRERERE
Framef, RREESBEED, BHEEBEFTHD)XHERED: REEAEHRN, b
EFRBREmE X, RRERSIESED, SHEEHEEOLED . WIS
(n@E12. E13) , SVPWMHSPWMMIRE S E®, HikkiEdE .

Fundumansl 00} S el I T T Y T,

s
4 T 2 |

H |
LX) | 4
-

| 3 ¥

| ies :

— L e | 14 | B | |
Wi, if e g A O TR 3

fi3.12 SPWMBSi ) H3.13 SVPWMIME

35 KENG

SVPWM 3K ERST SPWM M—Fgi, BIZEEZKAFIES LEASHEIE. %
BZ, SVPWM A HiE A= IRIEHKHT SPWM SREM LI

X THEME SPWM 28], ARREEAEFAE, TUESHEFLERATEATF
LR, SER, HEEEEARRIERZE, MEMNVE. dT = afhanirt
Z), NTERHEIRE m Bl |, AfESTREFRE. XMHTRBREE THEER
¥, BEFFEEFBEAEPERLETY, FFEAMELELKERE, MEBEFIXHTE
FRALES R, BEMEBEEEAINIEZSE.

R, EXFEEIEANEHNER FEAARERERENNERT . BhsAER
B, BRI ERL, EXEBIHBRRIEZE, X I REEA =K R ARG
FRAEME, SHICUR19]). R0HRE T —F5TRIKE PWM SHIEHE=ARK LR R
$I77i%, B0 SVPWM .

514&4eH9 SPWM Att, HIFRBAGTFRKEATLID 173, HRRENFIARTE
B 15%, BERBRFMEENFNE, BT LMEFEH.

AFEIEFTT I AR RRER L, 2477 SVPWM R SPWM Bafif sl sk
RIS, SRRVABRASH=S% PWM BB nIEN, TIFHHHEES R
PEH—F, PWM RABTARGE BB R AR EZSE. RN, 5 SPWM #EHALL,
SVPWM HLFFRE. JIRWFED. W/, BTLL SVPWM BHIR 2R 5ERIER .

-21-



RS ERHERFEI A8 3T

4 A3 o M R i 2% HHE il 7 vk

4.1 AR AT R

RAOKBREFRKNEZRRBRE —RKAAERRE, TERDHERGEP, T
R ARE AR . ZRRABETREMEM IGBT FFXEBM4, AmE. RMEHHRTHE. &
WA 2% B 5 & KR ERAT X AT LUZ R ERMA RN Y, XRLEHHER, ZREnA
JRURE R T AT e R B FRL R AE I 18] _E B AU 4% — e AR AL & AR — NI FRLE SR AR U

RRBFBEERBIAMBMZE, TRBERET MERBEMRN, HRphE
RHHERBHRIEANEMN ., ZRBOBRZHEARAR-—FHFHAMBESHER, HEE
BKBOSS H#HRM. BE+FERZX—HEAEFERBERATBINEN, KBTRANE
RN . PWM ZFBRAZHRE S ARE: —REREERES, H—LREE
IR . ) B R 2 0 0 R OB I IS AR VAR b S B R R W RO AR L, T 1]
EEHINM AR, EEAREHRE RREERE NURRNIARNIE, kX
BRI CAR P W EERRRESRR. ERERZEISIANRMARES, UHRE
KRN SR R B EW, SR EEEAEARMRERES. FP P afRH,

4.2 [l R il

BEBAREHRAGHME, BHRGRRA RN S ERE G R AR R .
BPHEEAERBEALERTS Ue MEFRUBINERBE U, LBEEANERAER
PLATIES, R\IHEFEBRN, BWREE i 5=A0RRMUFARI O RRKNE
Ko RARBH=LERRFEAR, SHRUAEA C REMME Ue £F, PI FEANRHI
GuRE, EHEH i K, RTERHETE BRATEYK, MTTIMRERMAEE C 1
TREEE, XPERIE Uk KEBNREME Use o HIXFIHAORAS, UleM Ul 8%, PLIA
WERMAKE R, THRESHIBENATHE L, WREENOE L. 5ZHR, R
RAEBHU=ER RN, WEREA R AR .

cos(wt+2iex /3)
(=0,1,2)

B 41 MR RALEH

RIE SR L, SRNZINEMaEAANEZERR, 821500
RAES. BT LERRESR [, 4 5IFRU AN ZAREERBLMEZRES, BRU



AR SRR AR5

HFE R, BEIEMHERE R LHERE U Up M U EIPTERTRIEIE R L, 5 HIFRLALL
=AML 22 FIREES, BB L (G, A&HEEaRERR
L EEERE Uy U M Ures BARRFARE 60 e e MBI ERTERARMARIER
BE R AR L EEERE, BMATBIRMARSHITEENAERE U, « Uy « UM
FIASIES, REESHEZAKRBGETES, B2 PWM JFXESEERIEITRNEE
f, BENBTAREU, « Uy » U, NTEZEHIRITRE L ABEHA/D, R RE
BOh 1 FEEHIRCR .

IR HIAT BERRARE, FERM. H—RRASTE T A B EKEZRER
EIRSHARYIZHBE, SHIRTHIEBESHL R, 5 LA R KBEEMLR
BHREN, SERIEHER, FURERAISMEE: K- RERSMEXAEME
EHRERR, HirR&4E2EANBERRERR, WX LENEERTRERNEERK
ERAR, RLERWEGINR, H=RBERARR RAKREBSRAGE. Hit, [
BEREHNARREN SR E KRB ARG TN AHBD.

4.3 HHEHERIZH]

MR EEE BRE: ()RFERNEEEEBH RIFHSIESTMNAES: QS
FEBAE AT IR A IER, ThEFEEA 1. M R FREE 2 PSS H MR,
WA L, MIERER—IE. HREREEAKRIGBESTHREE. BTLHFRKEN
BEEAEE, XARRSHTE S R TIE 6 6 R Bt 6 M A 75 R R /N
BHERREEIS AR RRIEH R ED R, R ERRREE.

4.3.1 BReTHER R RRER RSB

BB BB LS K AT I R [B1oR, 4 R R PAIEA L ER . R RIS IR E T 7
IR R T HEHIREE, HTRABRMEEXERRENEER, HHTERARF. B
B BRI HIE A A R R BRI IR, — RN XS /NI AR R 2 B2l

WA BFREEH R UL ERRIEANTESES, EXFRAEARIRES, BT
P L 2844 PO (R (B LU BRI R R B & FF O B8R HE T, 3 SERm )it R IR
B4 55, MR A FIRERER SPWM #2iIi%.

XAEHIFERS, BEE—REE, HTRHIRFITREERR, LhHFEmmis
FEMUHEENRERE, ELTAMRREETRSEE —ER/E. HIxTEiiiEd
KR NIE e S BEA B ESHERBRE.

FABREHIREME 42 Fin. HARRBERHTRAL BIELHE X k=a b, o)
MSLBRHF MR ik=a, b, FIEEBIHFTEAI N, K=EPWMES, ZPWMES4
INE) BRI IGBT RIENT, MTEH MR i IRMES E B LT R . Ai 8,
N5 BUR E DN, BRI FINE S, X, SKhriliESes Rk e aER R

23-



P E A RHEOCEII AT 83T

T, FRMERGIE—ELEH HERmE 43) .

5
==t
s
p.
s

¥

'ﬂ’!‘J‘

El 42 %wszeamm 43 FFRECRTT e S TR B
1P 77 SREIHT A

aSCRAEM], RIRMRLR, ZHIER, BHFERE. FEERE, RHBRERRS
MR AE R’

b. AR BRI T BT RS A E E, P T SRR bl U 50 B FR A AL T AR
W, FEOTRREMPRELATENE, RNXITRBEERAmTRK;
CITRBERATEBB AN, M TR R AR, SWEFBBRAEBBRNE
THERERAE, 2T RGIT AR RIE T4 ) B 61
d. i PR P B TR R PR S R R LU R, 5 B R S F I BR B B R A S HR A
KA, B R ERER.
p)vi:27 NGk ke |:a k)il
R RS ER iR B A S R AT Y, REHE. EM. 25%. AN
. MATLAB &5 R —MINERAREFH RS EHRB R MO EES. THA
MATLAB/Simulink *F#)&FH 8 /B F o RmS B, BdSERENE%RSY, #
RARBEZESITERAR AL, H AT E RN ME R R B TR
FE R BB T o
aNFEIRBE AL A% EL
HA R B HRE R, BATATLUAE R SRR, WSS EE
REIFRIE, U BROF RS RRIEEEEEVIXR. MR AR T
R, M2 ZZE X TRRREERED, RZUIFMR. FTERIED &ERRGFRE
KA RFHATHIR . XELE 442, b FIRBIAFRFRTE T HRRMKEE, TLUE—H,
WHARRH 1A B 10A MAEHK, SHEBERSEWHEMN, BMERTAMM, &
TR & R F#AR, TORRTEAE/D, AR R F E5%

-

ESw ke e B

Ll
i“‘{ o
e T R L T YR TR T 1 e e

B 442 SN 1A BHBRSLEER Bt E TS T

-24-



AF BT R

- b i

) 4.4b SR 10A 0410 S0 R 0 1 LTRSS

b. i PR F IR B R AT R AT

XM a HMEAHEREATIE T, KEIHA 1A F 10A BB KBRS HnE
44 FIRSENHTRIRTLAE B, BRI RAM A, HERAR MR, TS
MILLERS, B RRER. NEETUES, mREREE T, dTFRErEE,
R IR, WA RE ST XRARRRLL, TRETTAIAR TR ik &
B/, MWEERMUERETEBR DA, XAERS R T Wk,

432 [ e er R TPI 3 il

LERUE ] RERR SVPWM A AZERMFLL PL i s e 5 F M Ak
W FLHREEVIRRT PL AW RREHNZOBERESTRBE WA AR ERE
fERIZHE PR BTN, LABE] R FHIZh A B A HUE i .

XFP R I T AR R AT R BAERENEMET, % abe MARRTFH=MRSGE T
3s/2s BRBHALEINIE «, B BILAIRRT, T8 o B AIRR TRMBHEIEER, R
CAF SR A EAE AT RS #1335 8MF D HER AR R T dq $EkER). R
TEde AR R, RREAMLFRRTHZRBHAER T ERE.

TERATEE dq B FHER/ERERIAEHZRENRENARAN. B dH#
EXAANNFEN R, q WEXHTNhRS R, 546 d S BETEEIEE, ¥4
q R EAIRHERIER. R, BRESHRERAER d M q MRBREN, Bk dg
REPH— M PMUBEERRERE, fEESE d # q # B A. BhaERRENS
H, PTUMABERRR BRI, A ERRBETE RO RREORE, NERE i* =
0, LMEMMENINENE,

TERERE AR AT, ZAHF LR R TR B EE R T AR AR R TR AR,
R ATA LS P TTSZ R A IR . 156 RGEiE T AL i A0 o o0 o IS i
B MR, RE TSN, FNRESEE LR, ettt
REARE. TR AR TR 5 b P a) AT e A RS L JEINER LCL ¥k, AR
BRIFTANR], AR IHXPRE AT IS iE.

4321 ETRER L KFEE PI B

RRABBTREARS T —HITR, TR E I BRI L MR R AR R, &

EMA BRI HATIRE: TEIFRRE TR SET A, R ThE BRI Xk

.25-



WERERHBCR AR

W, T B Rk REB NI EER IESZ B RER AR M. 5h, ISRt e B
MEFIRZE MR HIvERE, HEmBEHMmE 47, FLLE, BERPWM RRF[BERITE
TRUSIRMERE A RIRZIASERE R, XM T 32 UL 23 DY 8% P9 0 EL AL AN AT TR P /0B I 2%
MRS, AREEEIHRERR.
‘_I__‘1 FAF4(F 12
|

Uy 2l
u,

i ¥4
4.7 BB L HER PWM EFRIAHE

—REARE L FRALAR (e, by ©) PH PWM RUBEFER B HYEE SCEM.
HUSER R, BEIHEERYTZEHHNZTHRE, BUAFTESRGR . A
B, BEAFRBAS =AENIRER LT R (@, b, o) FHRBLL M EBARE RS %I,
q BIER. XH, BUIRIEHERERE, SHXTRER AR R LR R AR
DHFARRTHERXE, R TEMRERT.

BT R LR PLZHIEERESWT:

RS — AR P BEFE AR TRAE R R, dq BB R BIEHE Uy,
U, Higgmash, EREZXEEM-wLi, Mol MEBEFBE e;. e, FWH. HTER dq 26
RIm, KO PRAMALIE ], FEMERMEE d. q BiERITASMHEREMNRER
FINRRIESI %, Bk 241), ZBERAB

L&—=wLi -U,+e,
dt 7
di (4D
Ld—;’: —d)Lid —Uq +eq
Uy=oli,-u,+e,
. (X42)
{Uq =-wli,-u, +e,

R A1) B e g HEHT, 0Li+ ~oLi, AT eq e HERIERTHY: HiH
Tt ey dlg SFLTE PY A SSMRIACAS, T

Uy, =k, iy —i,)+ Kk [(i; i)t
(X 43)

u, =k, (iy - i)+ k, [(i; - i,)dt

#(RX43) « R4DRARK 4 , BRIELBRFRE

26-



R RBORE I 2AArRST

Ldiy /dt = k,(iy - i)+ k, [(i; —i,)dt

, . (R4.4)
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£ SPWM ZHITRTF, HERBEE Uk ﬁﬁé?ﬂiﬂﬁ%kéﬁﬁﬂw&ﬁ%—?%c , HLRAE

3

REFMEe, (k=a,b,c) . HIBE Uyp LIHRE: 3%@2J&k k=ab,c.

(2) SVPWM B #175 3\ T H it B A3 B

% SVPWM #HIGTRT, BHTHEREEMEZENRRERTIEES Uy HiLE
SVPWM ##I5 KT, REHERU, > Voe, HAILUME BRI L EBAS,

R LR B B R MERER, BTFRIFRA SVPWM HIiSIs R4
PWM i, 3 HPWM ZRBEEET FRIEEFREILRE. YaMbafE Nl = 220V
W, #HZBRBHESEIERER, N U>538V, (BELRREITH BB EHERER
RERBEH), FrRlRX T RINEZME, BENRARM, NUER BN, SREGHS
B LRERKRK. FIMEELRMNBENAEEN, REERE 10%-15%. KL%
FEN 160kw HIAH, WLRFEHMAESHIERN 600~620V.

2) EEXHEBESERITH, HRMERERHE

—fRIE, AHEBERZHMREREREE, ERNBENZRED, UHBEE
FM e E A RERERZ ) H— A, AR REREHNRINESR, ERNAERNR
BXR, URGIHEMIINOERBESNESE. B, ERBRSM S EHEEKRE,
B AR B AL B PR E R AR,

& PWM ZRBHRARTDER P, , ZETMBOBREIT, , URBER
HENEKEAU e o WESSIRES, BERMBEEFAEREHNRRERBBULITLA.

P T

AW = max ~ max

ATHRRFREBITHRE, LAZEAEEIBERMER. =4 PWM A%
THERA BB RDELRIBEANEST(ERZ), EMERIEMA LT b FRAES
ATBRKEERZ), BANZLEABREKEN G, BFERKEEEZBLENRE
REBEM MK EEE, BESAENERE ¢ H—WmFTBTEBE w( UM HEkE2
B%). EHTEERES, WSEISRBEKEE T, X EEBRERNEERER:

AU AW 2Li,

= ) BT ~——"*— , k=a,b,c
wm - CxUy, 213U, —e,
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W AR #6183

A E R EREE N T RARVE, WERNAR: > —tndo
2U AU

ERHABRMBESHAER: RIBFHEITAER, NERBERBEM LTSRN
RERTEEERBENSH, BERZAHRRBRBER Tu<0.01s, AUpn<20%Unz
Pra<160kw HIRETLAIHEBEHEA C>0.01F, IRIMER 4 HRE, SHAFENEESE
Bk C;=C=6800uF/400V 4 F%.
3) R B e L BT
BRI TR R R EXRER. XRE AR AR BEA N HE LT
Rzl BSmRL, THREHIAEREINE. RN KERAE.
L o (0] i = BEAE R R LA N F s
a. b 25 P ) FELB) 34 5 AL A AT I A HL IR 5
b.IEBRAE R AR AT ML I S FB T, AT SE IR AR 28 3T e M Ay IE 5% I AR B — e S v
P AR B R LI TR )

R A F MM R LR BRI 2 i .

d(EZR AR IR1E R IF R TERIFRS, SERT AR AR ThE, HE MM
B, AiFRAEITRE.

efERMBEH RARB—EMEERE, NIEHTEHRENIRAET.
FERASEFHT, MBEABRREIFAMELIE K RRBEN TSR, TR MmE
Bkt

(1) WRIEBEABREREENR, BB LM ER

B A= F A7 Lh R R BOE SRS RS, 1R S B A B PR B R e ) rL R i
e BT ERE BRI E RN K &R, FERRE T S AHHE— N IFX A
(THFH R AT A2, HHEREBRUREGEX, WE:

[ < 20,

3o Hep, T AZRSBIFREAM

HT) =T, BRERABRELEN, FRREE:

K74
KPP U VERWEE;: Lo HERHERTEE; ANAE0 = 24 =314 ; XAZT

lE]& & SVPWM AHIARE M =1/4/3 , KA SPWM 415 K8 M=1/2.
EXRRLP, B Pyw=160kw, U, =600V , o=2nf=100n, enx =311V,

_2h
3e,

B, RALRE: [<3.716mH.

IIIIBX
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W ERHEAR I 2A8 3T

(2) RYFIWHERERERAAES, RitEEL TR
HRATEE (or=w2) &, —A PWM FFXBEMIPHRFRBRASLRE, £ F
< S ST P A B KR R B R T B /N AT AR RE B ) 20%, T4

udcT.'t
@Mai, "~

K75

AF we AERWAE; A, ARK VR ABRKEB(— i, <20% ) To K
BB RANE .

Rk, DASMEIRER R, Bt L i, B Py=160kw, U, =600V, enn=311V,
I = 25, - 1

3e, 2000

GRZRLMER, SIRYRRTRNGREETEE0.63mH < L <3.716mH , X%

BWADEHY L=1.062mH.

4) B LCL ¥k s it

(1) LCL JEi M4

LCL &8 M I IR B S S ASE2Z 18 RARE R AR E 41290, LCL ¥k 55
JEEATLL, BTIEMTAE, ERSEENRT S aSET LR~/ B/ 7
PRBEREE, MECAEM L, 5 L, (LEsm, MOEmssssm Lmma
RS E—ER, BA C MMM L, K0T 5200 55 H e X P s s i
ZHIRES, WA C R L, MINSFE{E LCL JEik BEEHRME,

(2) BRBREL L)W

BT (22 372 288 5 Thoh ZE A0 o Dh oh 2 35 il R S br b R — MRS RSB TS
#, FERSERT, LCL MK BTLEMSH A — MR RBIER S L. b T IR& Bimme
feTy, RRMEMVNEL, ERBRNERK, SENRESRT. EHit, £%R% PWM A%
HAMEE, TERBEMEIRMRIEERES, HERSRMmEists, REREEHINEE
HEN, GFEERERESENLSBBREQL-L+L)E P, $8FES8ERENE—
3.

(3) MR L F0 Ly igHy B

BEAEPNR RS TR R RRKEE A RARRK AT, REFAR
RVLHIERFETERE, BE LCL KB BEEFBRESRT, HZREFIEEW, EHEERE
RITRRIEA Li+L; 9E. BTSN BRRBITXEHBERE, AR TR
HIRRIER, KIERKIEHRRATERLE] 4 SEFRIEE fo« FREAE £, AFHREL
r=Ly/L; B3R R P,

s, RALRE: L20.63mH .
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AR ERBCRF #6083

_ d(+r) .
Jres ‘f-‘\’__u aa+r) #7.6)

AP FEIELA(d<10%) T RARLATIRIE KPR B R B A E R, RIS, X 107~0.5/
Z[BIHHE, WEH=LI/LAANAKL=L+L;, HEEARQ)TRL,. LIE.

BB IEAAME, R HRLCLIER S BTSRRI REEUT: MO TR
BIRERSRE TR 215 =28, AIRIGIREFAIIEBER .

(4) BA C&it

BREEFTEMNLR-ERSHE. AAMARABTOLIRREBLR, B L b1
AT X E A, NTRERE. BB, NFEMKERK L, SR L L
HIEREE K. BTCARTARYE — € T ERTHE B BEN KD, —REFE RN 5%.

¢ < (5%P, )/ 6nfe? & 77

R, e HAEMMBETRE, ~50Hz, Py A=HERBHEDZE.

(5) LCL dEBAFHERE

AT BRIERREEFTEEREMERIE, FTRITHBNMEE MR ERARELAE
10/~0.50,, Z 18], BRBERFREBINE, BULSEHARGIREN. LCL Hk MK IERME

Ses %1[24]:
=L L|+L2= 1+r (:_l:t7.8)
Tre X \} LiLcc 2nrle

HRIEX LCL JER AR R RT BSR40, 2 BB AT S Y R U R BR A FUBMEL I T TR
fE, B0 L,+L=3*0.354mH. SR/FHERA L/L=2 BIEN], HX L,=2*0.354mH, L~0.354mH.
A C<175.466 nF, Wik K C=160nF. B/EHIF LCL J§ Ik B 2% 0% 4R s %
=819.45Hz , EFINE T WHBINENTEOER, USRS EHARZGREH,

5)IGBT RS H &t

ARGIER IGBT RIERZRABHE. MERAEENE BN T =/AN5H:

(DBEBIEU, RIEH

E e PR ARE, BERKS). FFXRRTREERESE, BE, mERAR,
e, FAMIEEHBEE e, » WALERTEEN 2*emny ¢

Q)FiE B i, BIIEFE

Xt THUE L, HER, BRIELFRETRABERR L, - REHEE, APTH
MRESEN. —ROBESEFBENAERHEEY, EXFEETEREREREREN
iy, Wik, =1.5i, « EEMERLT, BLEBRHBKERLAERLETERKHET
B
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)RS
¥ IGBT BT/, HERRERR. f£RFMANFMET, A{RE IGBT #
R TERRE M.
ASCHENLRLIE A IGBT HISIE FE A 1200V, HE A AT 363.63A # IGBT #HR,
6) RRFCERHES
(1) ZFEMFER B 0.354mH =4 0.5mH AN FREABRMNIERBENRE, &
FARFEZE 0.5Q~2Q A[iA, ATHIER A C=160nF Fl 80nF .
(2) IGBT ##t % SEMITRANS 7 SKM400GB128DE, #iEFLIf 400A, #iEHIE
1200V,
(3) HEfXEHBA: £S5 CD235, A& C1=4700nF, FEm/E 400V, 3t 8 N BA,
BHEAERR 9400nF, HiEHE 800V,
(4) THRBERR: FHE/RBEARSE B85 fEERSELV28-P.
REERREER A 380V/5V,
(5) BTN FHE/RBRAERS, BS: LEMBRAERE LA2SNP
300/5A FERE 2,
(6) EMBERN: KME/RBELRS BS: BEAKELV28-P,

7.1.2 BB

B =M A BE R BRI EERIT AT A, AR AR TR i
BPE SRR SR SCBL R e e R 1. S R A R R A R B T R SR
KL, XHFHBEHRRMBIERBE. WM AERZTRM BRI LA E. B
s, A PR BB A AR I L B R B R A AR A

1) B a R

HIRM B ERE AR B AR SR R R EE R T RS LR R T RIS Pl 2
FISAERAERBUE, SRBUERESTEER ZRES S EHRBREANEERD
HUESMAE PLA A TR AR SERE: ERRETEAZERIEETIR 2 M
BAE, Hoh AMREARFEERBEDHE, WEAERBELR, ST 700V Ik
B AR KR RIS U0 B YRR A AR, BN BN REHRY . ERAES TERMEE
BE, —REDRH 533V, FEHTREFRAREEUABEEEFRTEFSHE, X
B LR KRB SRl ek,

HEREEMRUEEARHRUAR: —HREERERLEE EHRHEHANER
Wz EBEASAE, HERAMMENEIXRARMNERBE: H—MTAREABE
E RIS

PR TEB AR, —RERR LR KREAT, W1 FAE, ABB AF
—RERSERTTE, XRITAE S EREERS, RERNEREEEESI NS
R, REAEZGIR EATREMNERLE, UREASIRERE. FHik, BAKSHE
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A E SRR B ArR 3

B, BEHEBRITZRA5ER M,

AXHHERREERERBRNERBE, ERTGEGHERTREEM, BF
FRE, BENTRERE, RRANKER, HOARREAKNBEHREESHERESTIER
WRZE,

ERERER LSBT NETEHST AR L WAEREMHL —, TreBRIERNER
BT, FEARER. LMHEF. HHSE. WAR, SEAHBRMARANE Rk
BEEMRA.

AICR AR B E/RBEERKSS LV28-P fENRLAATH, KR THEREER
W, XOTCAR TR e R A B3PI B /RN H R M AME R, MR
SET AT R SN B EAEIE, X—BRES SHNBERIEL. BEEKRRRELR
ABRNX SR RREX. EERENRERERES CRURABIN, HHERTHIK
R EEAIEE, FEMNNTEBEESRLFE RN,

KAV E /R LAERHRE LV28-P H 5 NMESWHTF, HHPHT+. “HT-"HELHF, 2
PR R, HAABERR [h=10mA. B4 3 METFHELHET, “+ iREE+15
V BIR, “UimiE-15 V BE, “MinAESEE, HR8E RiRE U E h=25mA. ]
FERTI AR K/ R),  ARAE 75 7 48 I e T — 3 5 B PR L B/ T B K B R SR AL,
BEHE R MADETRRE: Ri=(Uy/ln)-Rn

AP Ry HEBERAE, U HRNEE, I, ABEMAERR, R, WEmREnEnRkH.
BEHEEER/PNE W= U*, BE. ALREEER R=80kQ, Wg=20w, R,=100Q,
Wrn=1/3w HIZLEWE 7.6.

+15V

-15V

B 71 3R LV28-PELHE

TMS320F2812 #1)7 P A/D ##gFIMAER N 0~3.3V (55, EpE Fat i s ik
WHE. BAfERSAENE TS RESE 033V . eSS KERKSHT
JEB FFRHER S 15 5%\ DSP #) ADCINAO [,

MNERABLEERERENLNESRE-NNERNAEXLFAINERES, BEXE
0V~10V Z[]. HTHRMBESFENE, MAREBMRITLLERRERE, RFSH—1h
R2. R3. R4 MBHBARHRABMILLGIZH AR, PUR—A R5=R7 MELLHIEHKBEFE
SAF) 0V~3.3V Z[al, HREERAEAEMAE. K R8 M C WlR—MEBEIEHKE, D
A—AN33VREE, DERALEEE 33V ZH,
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ARG R F AL FR X

Wrnel sy sy Tidian
@ +

| .
{0 +HT

| O -HT

|
2 |

B 7.2 BRI AR TR

2) HRILk R A

B TR AT T LA MBI O B R D e AR R R, R 3] i e 50 e R A0
M, HELEKER, TR RRTER IR L i P iR FAR A RE
B, 5% MBARHEHIRMEMNAE, EtERETAREREHRR, SHERXH
iz, BLERGMEBAAGL. TREE LB .

LR =M= PR RS MRS, EEANAEE LB, o LUE R
SHE, REEIHBESKBENRRBEEIHBE:

1
e, = 3(2e,,, +e,.)

1
j€ = T(es —€y)

3
e = —;_(eab +2e,) (K79

SZBREMRNBERRHTR, —HERFABERES: 55— ERERQEERR.
LR X AT REHT T L8, CRIEFERRERESTENTES, NTSEREN
ENHEERTERTE.

LA RRERERAER T =AML AL, 4505 AB 48, BC 48, CA 4k /E#
TG, RERESD T SRERERER, SOAT LA R 2 B 4k i P & B T
A, AR AR RS, SERAERTE, TNERES LV2S-P HEARKE.
HELS5HRAERNAR, REEMAREER R=54kQ, Wgi=20w.

TRBEERLESEHAES RSB EERLFMERES, BEHN-33V
B33V WABEES, FIUEEERERSALNESEST — Mk, 5+3.3V i
n, ERREARMNES, BEE%/ ATl DSP #1TRE. BRI AERE KR
45, EH#IR2, R3, R4, RS MUSHBABME—MIERR. HFERHIREER, K&
Bf OV XIN+3.3V, 6.6V SMM-3.3V. KFABESLE—1H R6, R7, R8 MEHMARA
REILLEIREE, MESAA 0 B33V ZiE), BESHRRE, i, +3.3V XNAEMNAE
ERIEIEE, 0 MM TRMABENAERE. KEBELE— 1 HEES R M C ARMKERE
B, UERREPHF AR TR RMER,
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R SRR W08 3

73 M ARERR R

3) A e R

PR A A — D7 T R sk i SRR R IR, LMERMEA MR ER; B—HEA
RATBFRRPEH . ZIRERBIERENLH R, R ERRERRE. Bil, &
HHRRARSRREERAMARSE. AHFERE, HARAXRBLBREARERS
LV28-NP, HiT LV28-NP FIHIAGE HARIK, FHATHER BRI, UMREERR
DRARIERT, FERBRAEHEERTIEEIERE, MTFRE RN HERE.

RAUERBR T ERBRRBRA SA, BEALUET 05 &, #HidffiELTHRuE
. BTERTHMHMRFRGES, ALECKEARGESEERBERS, MAERSE
RAERB LR FRHRKRTES.

PR 37 7] A o9 B A X FRAL B B BR —HE,  ZEFRURAE(S SHEA DSP 8T, FEMME
ST, #5587 — e tBIESTE OV~ 3.3V 2 8. BERANE 735 R
Gz

4) HMFSE SR

BERAREBHMZRSETEERERE, FHRARREEN 6B H 50 R
ERY, TEXEBMALIAML. RENRSEER 31 ik (7-8) AR, @idxfsam
FHAEBATAEE, X R RUEAT SER R .

31 BB HIEARR:

a. NFZMEF: e,()+e,()+e () =0

E(t) =312 xJeX(t) + €2 () + €2 (1)

(& 7.10)
VOE arctan«/g/3x[e,,(t)-ec(t)]/e,,(t)

b. 3/1 BHItE AR {

Bow=d6/d, (X 710) P EOhERRENE, 0ONERRERA, o HERK
BRI AEE.

31 RBEZMRGEE —MRENTER, FH 31 ZHREE=MRSEEE BRIEMWE
& ETKIERA.

72 FIAST S AR
RIEU BRI EHRNE 74 HHEMTHER, H#TR%.
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P smusesan
; ARKEeEEm
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i
1 P'
TR T CAISE  SRRERN
s [ Rl L, L2 1 I
| B _
B s ‘:' i - o | HEIA| =
= YNy
x5 - | f [ ire x (l12
nmFR Al
RIE
8
KML
g EETEN
380V e E—'T'—
ﬁ‘r ..rl R E ELE w a 4 qcl}’LJ}ﬂE“ |
B y__ s I ) o o—e EERAN
= LR
1 0Sel
2 @ 3 3 1 AN B AL
; 2 |
“
x 3 ) DC/ICHE
" | |
M e 1
Khe

W 7.4 FFRZETRE F RS

1) Ha Y R FEIINA
SRMEEFSHIERE, THEEIMBERY (B 75, b) FERFEZE, 24
EATAIER A=K, HIR. GRAAKIES.

Tek = |

- . L s

B | A

o ‘ “ mﬁifi ..'ﬁ'l i.-i-ki‘tr.l...'.H!mImf.u'su!.Hi!l-.;uuﬁ:tﬂf.:?:-,
pieils s W e i

RBATIRER FIERS, E AR B EAE BB R T R PR, KB = AR FRIR .,
Wi 7.6a. b, ATLUEH, FEIREMLREREHE BT FAIRE, FHNANBEALS
E e Ml en (55, REERFREFIMLAERMEEERRAR (7-12) , KEHEN=HH
Lk

Tek ] ¥ . M Pos: ~1.200ms g

- I * R
\ B / \ =

£ U] ) EEE

M 2.50ms Eﬁ . "‘.':;-r\ EEI

i 7.60 =R B7.6b AR REHART



W AR #7183

2) PR A A

Rifi PWM RS AR AR S = L M R S A KB E ki, Wi 7.7a. b W&
ERMBEICPMER, TUEREEREEE. MERBTHEMIRI, EEEEN 6
ERENESMA L, FHATESNRRETERTIEE, REA4 A TES.

RHAMARIMESHORNIFEFEE, SHHEALNEEMEEN RENEE. T
VAR A LA R IR NE RS, SRR S BMA RN
B, BB TG SHAN A G REMEMERERE. 3T DSP R DMEERHA
il 0V-33V, WERMEERBHROTREERES, SLBBERERE, REEA
DSP #)—#% A/D X4+ M.,

;..Jk_-.um,;mmuj.r.mju.mi il Ml r g2 2
@

M77a FOHEARAHT B 7.7 WM

3) FHUR BIRR

SKIGFENUER TMS320F2812 A#CofisHIR, RAE AR RE & B4 g b
) SVPWM G R, HKIEARIEE PWM TR EHFERMEISHIRE. LB, AT
NRELPEL 2 LEA R A T U BBUR, MM EFAA 10A 8NE] 100A. i 0 e sk e
UEE, SHFADT 15A B (E 7.82), KKIEKSTERS, ERTERABEHE, X¥
BERFAEDRRN, RKEBERKITE. MRS, HEikNEREE T, -
W BT (AP 7.8b), FEltik—R BRI NERBAGESEDRTIE HFE
FAR e m M IRE A R, BEREZNSR/D TR,

Roh, EABETHREMZABREEIRY, @ Pl SEMERET e THE, £kt
BRPRELRBROEZTAR . REARLRNHEANRERD L FTEBRAMLAALLE
B, WE(7.8cd), ZKMELKRI, BE, BRRNTHELES RESHRE.

RGN R AR, AR RS, RiTZEPV=160kVA, HRLHEHHE
e=380V, ERMIMBEUL=630V , JTRIES,~2kHz , NAIHEEL=2*0.354mH, 2520
TER /B L,=0.354mH, LCLIEH FAC=160nF ] ERPWMAE i 48,
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WE AR F I L2608 3L

M 5.00ms AC Line 7~ 0.00V M 5.00rms AC Line /7 0.00V
25-Aug-08 15:53 43.99530Hz CHI%1.00k 11-Sep-08 17:01 S0.0251Hz
(a) (b)
Tek JL K Tiad M Pos: 19.80ms : Tek JL. Tria'd M Pos: 19.80ms
- £ . +

-, - T . . o : ;
/ \ £ X e N\ 2 -of \vag@ a N\
F § \ v b l a v % # g\
¢ - % ea . ' B N 7 ! ¥ N, 4
o la !/ N N/ A\
A 2 AB
X[ X
M 5.00ms e i Ha M S.00ms 2
13-0ct-08 1327 16Hz CH4 1.00% 19-0ct-08 1217
() (d

78 LRER

73 AEPG

Py A LR YR AR ) S B AR R SRIX A A S AR, AR IR AR T 530
BB T RREAX, ERAEE EERRT AEENER, bT RA8MERANAR,
PEEARBATCRRABAL AR, WRE P SR ER R IFILN, AR R IR,

HTAMNTGENRIER, EEED>. BACSEMBEERABCHERA, ARR
k. FERVZRIMBFNTES IR B/ g R, FEEN PR MM
B tERE. B4 BRI S RIEL, SRS R R rI s i, (8
R IR P L V2 ) SR L 8 B PR X PR E K . BRI — SRR Ik, SR
PIRBEIT RN IGBT hEBHEMITE, LI MER. S mmEe.
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R REREARF L FAIR

& R
REEXAEVARRYERAREM, BT ROR BRSO TR E

PR R RECREER. ZRSHIEFBITMEN URERYIZ LSBT, 1R D>

MAHLXS S P AN o
FRIGEIS R V5 FARR AR R 88 B VAR TR T

BRI . BATRARNT:

(WETRZRR T RRRBE ST EN BN AR REER RS, LEMPEHTEE
et RWHF MR EN TR, ERIARRATTERMAER, NEHRMESR
s IXPEAT MBI RS S B

(QXH SVPWM EHTXEFTRE PWM HRMEERAE, XHERBETERUHEE
o A, FRIRT &AA. & SVPWM I R4zhF, #788 Lit IGBT B/4NAM
RE—AME, BUNIRENTTRINE, FHESRETPEENNASE.

()M B KA RIS 445 R T RIRRRISHIOTE, WSEBRATR SAA ThR REA E R
M, RE=H PWM RRSBHAE, BENRRNES, RAsESMHE, '
PWM ZEJi 2% 0 TR SR N A AT SEE

@ABTE IR FFAALK, ERT B L M1 LCL i o] ME AR hlgd, RE
LEANER LCL S8 23 10 BB R ER T AR BB T, KB
BHR, HERFIRE,

CYRIRERRRMIE, EFRDURRTHBREETEEM L, MAERBREHATLL
FERMKEERT, RECHARSOIMSRM, NRF T XBREMfRe. 37
UL AR A A 2 R MAAR 88 IE B T4 .

BT EAR XS b P AR R R B AR, FTARILR AR P e L R

TEHTRIEBNE, FNXAREZERERERD PWM BRI R LI mREEES S

LR KBRS %, ST RRBHEHTFES.
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