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ABSTRACT

With the increasing capacity of wind power generators, the current impact on grid
connection could not be ignored, thus the grid connection techniques should be
investigated in depth. First, this dissertation analyzes DFIG operation theory, including
mathematic model of DFIG coordinate transformation, DFIG operation characteristics,
which establishes the theoretical foundation for succeeding study. The second, the
strategy of grid connection synchronous control of AC-Excited Doubly-Fed generator
was put forward based on flux oriented vector control principle of double feed
induction generator. The double feed induction generator no-load model and
grid-connection synchronous control system model were established by analyzing the
control regulation of the station voltage frequency, magnitude and phase. At least, the
result of the simulation and experiment showed that the control strategy can effectively
control that the stator voltage frequency, magnitude and phase is the same as the
electrical network, and is an ideal approach to realize the fast and no-impact-current

cutting-in network.

Shen Yan(Power System and its Automation)
Directed by prof. Mi Zengqiang
KEY WORDS: AC-excitation, VSCF (variable speed constant—frequency),

flux-oriented vector control, grid-connection synchronous control
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(D EFEAHNZREBITHEF, LA KEEE.

EREXEGER, RAVEERNZIZLE, WAL BEP, KK2EEL,
EREYFHEEORL: RARBT, BAENRUERAOVERERBESRN; BASM
FEROEVKEEREREAFBOERLTERML. UENERBT AP, BTZEMARM
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BT HEF— &, ERNABTREREK, RIPERFR, KEHRETHER
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2)RSE5RNRENENHERFT, RERAREN

ARABANRENRBEHRZANFEMRE KR, ZHERHEBK, WRZE
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THIRARMBHFRE .

H1 F DFIGH LU BhB d SR AR AL, X BB E AR BB ETHE
(. FFUARDE LR R AE R RN IE £ X R, 58K ENIIE R,
R M B R RN, WTTRERMETNE. Bl RE5HREt.

Q) AERKRENZL. EEHIHEN

RARSRBEHBRSRENN, FRBERIER BEEERRNSEE
AN . RS RIE. fRADFIGH , Bdx s F Ll mmm, B R
MALETRHAE, FEBEFMER, SHRSMREN “TH” FMEE. N
LERRPTAE S, BEERESETNEIRDFIG— A EEEENRE. &
SRR NLIR T 2. 4k — B B

Ll

BRERN

pRAA

WH '
E2. 4 DFIGRHEIE ST RE
B2.4% £, £, 5 BIADIFGE. H FHRMME, n AT THBHNEE, NED
P, n, AETFHHAN TH THNEE, n ADFIGHE THRHEERE. dHELEAMA
A4, DFIGRREBITH, &. HFiEEHHAX L, B

n=n,+n, 2.2.1)
B f=n/60 R f,=n (60, & |
%gﬂ:ﬁ (2.2.2)

M ERTTH, HkBEIEE R, TETEETRERRAER £, R E
ThiH MR flEE, FRZEEHMETHER. SRKEHIERDEITH, £,>0,
BRroed iP5 THR - ARBIMBRPETH, f <0, BTRAMFSETH
ki BRUHFRLZEBITE, f=0, BFETEHRE.

2.3 VWRBRSE RN FRE
fE11 18 DFIG 7E = AB# \L AR KR R AN AH P20 B 4% A AR R T I B A, &

THRAXA BRG], EFRMARE HIE; HFEARMOIITEREG, ¥TH
WERANIE. B TEFSHRE, BEWT:
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HAb 1 Iy K #2003

(D) RERHEAMMEEE R, RMSANK, YNEREE, HHBERE
%93 A0 :

(2) R EEBREX B HKI R W;

QO THRABFEINETN, FHESARADHHEE.

2. 3.1 E*Eﬁ_lt abc&*,:f;%'Fal\]ﬁﬁ*ggg[n—ao]

bl

b2 "

c2
cl

2. 5 DFIGHIE IS AY
HITSRANE S, DFIGHSASH hEL2. sHYEER . RI\EMERIET [,
A]{8 B|DFIGEE = AHE LA AR R T I SE AL,
1. BEF 12
ZHE FoABE TR

Un =Ry + W (2.3.1)

=HETRABETE

Yy, = Riyy + 22 (2.3.2)

=Ri,+—*

|

R w0, u,,u, AR BTHAEENE, Fik 17 . “2” A%
REF, B



FAR B A KBRS

Ly hy sy sy sy 5 iy ASE o1 HE LT INF
Wty Wt s Wt s Waz s Woa s Wer N B~ ¥ F R MG HEHE
R,R,AE. HTHRAZFRHEN,
ERAERERAA:
u=Ri+dy (2.3.3)
Hp.

— T
W=, 0,0 U Uy, ]
e s o+ o+ o+ soAT

TE LIV 0 P N Y

V=¥V '/’d"/’az’sz’Wcle

[R, 0 0 0 0 O]
O R 0 0 0 0
0 0 R 0 0 0
R-=
0 0 0 R 0 0
0 0 0 0 R 0
(000 0 0 0 R
dAMSFEF, d=d/dt.
2. WABERE
HERERAMHMETETERRA
sl e
v, L, Ly|i
Ao

v, =W VoWl
Vo =WV Wal
i, =i,,i,,i,]
i, =—i,;.0,.0,1

L,+L, —05L, -05L,
L,=|-05L, L, +L, -05L,
~0.5L, -05L, L, +L,



LR KFBR AR

L,+L, -05L, -0.5L,
L,=|-05L, L,+L, -05L,

-05L, -05L, L,+L,
cos(6. +120°) cosd. cos(@ —120°)
cos(f, —120°) cos(6, +120°) cosf

R L, 5% FLA RN B T BROB AN I H E T LS
L, RE%TRATENBALBREN NS TESE, HL, =1,
LoL, A BIh . T RS,
o WETHAES RARK), SR 2.2, 3 6 RN BET HAEE o,

L, = L-llz =

cos 6, cos(d, ~120°) cos(é, +120°)}

do,
o =—2=,
Toodt
3.HIEHRE
dL dL
=0. T 20 s  oT 12 & 2.3.5
T,=05p,[i, 46, i +i; 46 i] ( )
AP T AR B B 5.
4. BITTE
r-r=229% 5 K, (2.3.6)

pﬂ dt p’l p’l

R : T, MATHUIR G0 6354 56

T h R BB

D, 55 8% T A TF b 10 L 4 46 BELJB R 3

K, WSS R

#H2 (2.3.3)~ (2.3.6) £ DFIG 7E MM L A5 R F RSO MR . 7T LLE ik
RIGRRH — SR BERE . ST R AR AL, (/8 Mk L HLAT i B
BT R — R RO A, AR 3Lk e A R s AR
RALUCRAREY, SRR T RS A RO R+ 4 E R, AT AR AR
o R, — S R AR e 1 7 VR DU BB B R R DA e, {5
B RISR RAS AR 20 5 — 2. A ARAE SR T VRAR %, ARSE S AU ROV 1 L
B P DUE R ) 5 T o, $6 30 A e 65 A 4R R dg o 075 88 % = A O AT
FEMAAER, WA bR A 18 BB )15 M AR R B R

2.3.2 WA SRR 4 LR R TROBPEB S
MEERAE B0 BB  — A SRR R R R, R — A P A
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IR AR HRE LR R EMRER R, EXRN TR RS ZRBESEZH
R

a(a)

o))
B 2.6 BirEHRRTER
FRIBIFMEXRINE 2.6 fin. @ RANELELEFERXRT:
(D ZH# 1k abc VIR R 5HIEH L of BIFRZRIKNEHXFR

B = AHFF Lk abe BIT R BB MFR L of IR R IR B KRR TTHIRHIERE (BT &
B KRBT

@

1
2 2 2

C =\/: (2.3.7)
Vs, BB
2 2

1 0

C.s. =C,, = %—% —‘/25 (2.3.8)
1B
2 2]

(2) PIARERLL o AT R 5 WAH o B IEH: dg AR R Z IR T KR
B P AR BT AL o AR R BIP AR e 85 dg B Ar R IR B FE A

ing
C,, =| < sn (2.3.9)
—-siné cosé

Hrp, ohdMiE5aMZEKKA: O=wt.
HI P9 AR BE 45 dg M A7 R BRI A RR 1L o AR R BV B AERE K

» cosf -—siné
Cons = Czs/zr =

. (2.3.10)
sind cosé

(3) ZAHEF 1L abe A5 R 5 P M HERE dg AR R Z M IR K R
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RIE (1. (2), WTHAZSAAF L abe A5 R BIPIMIES dg VIR R BB
A

C  -C. C _\F cosf  cos(§-120°)  cos(9+1207) (2.3 11)
e T ATl T\ 3 _sing  —sin(@-120°) —sin(@+120°) o

) ¥2 B 73 B A B AR BE 5% dg AR R B =488 L abe AR R HIERE L
cosé —sin@
Chin =CoussCoins = \E [ sin(@-30°) sin(9+60°)}
’ —-sin(@+30°) sin(6-60")

(2.3.12)

g

=0
g iucl
[0
101 2
0

é 'L va
Fj
w2 d, d,
. d
1z i,
—» —
Uy 4,

B 2. 7dq % DFIG f4Es Rl

MRo=0 (o AFFHEE), WHLRREAFHHAR SRR LIFR. FIH
ERBFERRXR, BEAABEIELIFR T DFIG SR P EE. B, B
MEFER BB dg s AT, ATRAPHER D EEELIRR TR DFIG IS EEER,
¥ Ja DFIG MBAEMAE 2.7 N BEEE. AT dArMEEER, HMES4A
ZIEHHMNEE, DFIG MPFEYBEBRNKME L. FPREE dg LIFERTH
DFIG M# R R W T .

L REGRE
ETGHABENTE
{“dl =—Ris—pya oy, (2.3.13)
Uy =—Ri, - py, -0y,
HrselmE e
(2.3.14)

U =Ry + py,, -0y,
U, =Ry, +pY, oy,
Ky uy,u,u, THAE. BETFRIENL oMo &;
bk i IR BT A, g AR
o, =0, -0, Hdg B RN THFHRIAEE.
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2. HEEEHTE
TR
Vo= Llidl _Lmidz
{wq. =Li,-Lji, (2.3.15)
HTHEE TR
{%2 S (2.3.16)
‘/’.,2 ”' ql +é’q2

X t//d, VorWarsWo TAIAE . B THEN . BN E,;
L, =151 Kdg R TREME. ¥ FoARMSREE;
L=L,+15L A dg AR THMHE TFEAN AR
L=L,+15L, A dg IR THHEFRAM B,
# (2.3.15), (2.3.16) R (2.3.13) (2.3.14) ABFBEESHEZ AN
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Uy _RI —Llp a)ll'l me _wle idl
Yalo| b “Rohe el Le il g
ud2 - mp msLm R2 +L2p —wsLZ idz
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3. HEARE
T P (qu dl l//dl ql) p L (ldl q2 qlidl) (2- 3. 18)
4. BT =MBHILLRRT —H.

2. AKFNG

KEHLT DFIG HFfF R R HEREEHXN S R EBF RS, BT DFIG &
MBFEHIEITHRE, SREVEERREZURN, U@L R RS RRER
f, NTIORFFE FHI i AEAREEE . NATARTHIER, S T DFIG K #1E
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3.1 R % A3k AR B HEA
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3.2 XN EEEHM N Z Rl X BIZHI B 547
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PR ELBEMEEFERFNEREESBELRIISER LTAREBER. A
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BEHITERE.

DFIG B FSHRABHZEEEXFTABMN L, aTLUR A A E FRIBEEE. 5
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.1 ETFHGERALETR
¥ @2.3.13) R~ (2.3.15) XM THrd. gHHHNKI m. ¢, TEmBIRERP
DFIG f e B FmiBE 72 -

EFHHBE R
U, = —Rily — pY, + Oy, (3.2.1)
U, =—Ri, —py,—oy,, o
HroHmE TR
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u, =Ry, +py,+oy,, o
R g, FBINRE . BFREGm AR,
b BRI BT RI m.
o, =0, -0, AmLIRRBNTHEFHARE.
ETHBE T 12
{Wml = Lliml _Lmimz (3.2.3)
Vo= Llizl _Lmitz
TR |
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RA s o BBAE . TR m, (BB
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O =uyi,, —U,l,

22



AR KF R FALIR

EFHEEAN, ETHERXEy, EmBFE—, FHit, m 8 0B
SEINA v, =vs w,=0. BT DFIG B FMMEN T, € FHHEZDMFEF
LMy, ATLIREE, BIR =0, HW DFIG BN HEHBEMNETFEFHRE. BN
RNHHAXE. ¢ %&/F v, 90, e METHEREY FMEHEFHREREY,
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B 3.2 ZFMAZEGIRIBAER, 70 R0 7% H 2SS miEsmiE s . FF
MERRERZ MR EHEHRSE, AERPEEMRA LB BREMNRSE A
[E. EBERNAU . Af M AS KI5 6 R BHLE) B #E B, R s AL i R OB 1E
PRRA A2 AR D RRCLHRE. SENMEA, BHERRMEAU. AFH
AS ZE RN A F.

3
b3
4
3

&

24



AR KR ATI8 3C
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