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Analysis on Nonlinear Factors of Variable Speed Constant Frequency

Doubly Fed Wind Turbine Generator System
ZHANG Lu-hua, CAI Xu, GUO lJia-hu
(Wind Power Research Center, Shanghai Jiaotong University, Minhang District, Shanghai 200240, China)

ABSTRACT: A doubly fed wind turbine generator system
mainly consists of a doubly fed induction generator (DFIG) and
back-to-back voltage source converters (VSCs). The DFIG is a
nonlinear and strong-coupled system with multi-variables and
due to the coupling of capacitors of DC bus the VSCs also
contain nonlinear factors. The authors systematically research
nonlinear factors of DFIG system according to their
mathematical models and analyze the advantages and defects of
traditional vector control strategy, meanwhile investigate the
feasibility of the nonlinear decoupling control based control
strategy for DFIG units. The effect of attenuating nonlinear

components by coordinate transformation is pointed out.

KEY WORDS: doubly fed wind turbine generator; voltage
source converter; nonlinear factors; coordinates transformation;

nonlinear decoupling control

FEE : XA S HLA R ORI 728 i R LN 9 5
T R Y AR e s AL, JE P XU S A S AL
Ph SRR ZARRMARGE, WA AR et N B
BEZL R HOR S B AFAE AR LM R 3R o 5 5 WU R L S e el
RIECARR, RGEWETT T XU ) R LA A AR e T
2 M TR BRI R AN AL, SR T TRk k
AT R OUIE AT A FEUBILAL 2 T S (KT m AT, 95t T e
FE AR AR AL IS R GEAR LA AT o

KR KA R AL, R RS, AR &
BB JEL T R
0 31

HAT, KR B AR A G N OG0 T
ERMRE, WL T 2MBRIR R RS, M

BB FlFiiREO 5 H (05d212001); iR S T
(08DZ1200504); _I-# i RIZ0 H (08DZ2210502); i i 4 Ze 5 K& 10
(Z2X08030).

ALYl i PR XA R AL Jal ) 2 S 000 X g O v R
G B TR KRG L, BRRT
R LT T AR T 20 R B AR I (4 ol i 22
M g A it Ak PHOGURS HL AL ) e 22 T 23 gt mT ol /N A2 9
SRR, ARG, ERB YL RGE LI
PR RIS, AE U AN 2 A
AU EE AR PR PR, i e A U B S AT HL R R
e MR AT AN S e 3 BRI I A7 5L AR 5
IXAEHLH R G 0] IV R 4 o B, N
T T H X A RGP AR T 2 )

MBI LE Dl . 2R MARLNER S,
HRT, EEIEF XU LS AR, S E
0 B AR 1 D7 125 R S BN XUt L L v P ) 42
o Hteah ARG b L) R DO, XL
(GG e R et Nk S R D SN NS =€ ]
T 20 tH2d 70 SEAG, IR 80 SEAUTTARTE A HiAL
AL B 5 T A 21 7 VI R AN o R XU
LI &, KB RIRAE R S . 00, 7EXL
TRy R LA e b, BTG e
Tl L HL S E TR (0 % B P AR 21 TR
HUFFE" . ST ARZE RS, I LR AR AR
Sy T oyt Rk, AR ME LA ARG AR Lt
A5G R IR A X e M 7 B 0 R AR R L5
KBV AR L R ge, LBl RE e LLIRAS Tl
SRR O T B AR R S PR At
A7 Wb B DTGB UL H S A R R SG E )
PERITTE, R B E A RN il i 7 SR AT &5
s TR RGN AR LNt LA S H i i A2
Frrk, BGE RAPERE.

A SCRIF ORI B B AR e I A e I



F33E H19M

2, R IARLYEIAY, DTSN R R
(DL R B SR R A, R T AR e M Al R 42 PR XU 1t
W3 A LA R A7 T S

1 WiRABHAIELER R

1.1 RN 7 & BB FRTNEH

AR T ARt K e AL R Ge sk an &l 1 B
Ny ARG HNR L iRAR AU N K AL
(doubly-fed induction generator, DFIG). XUk % i
#l(pulse width modulation, PWM)ZE#e s 2 k. K
FH A2 G e A AU 2 S 20 A L, XU T 20
RHENLEE T IFRIE M L, H 7l it X PWM A
Vil s HEL R PTAR S H N AHIE . R HLI
(R REE, T8I HUHILIR) 5 1 A~ () ik 3] L
2R AU [F) 2P IS AT (s<O0) I, AE B M HL IR T I B
T MR AL [FRE IS T (s>0) i, fEs AT
S A5 R o o L v o ) A 46 i FH R ORIE LI B2
HRAE, I Mt—a e, A s
WATHININE . D AR o

1

T
_|_D
'TA T

1 JRR N K EBHLEEH
Fig. 1 Structure of doubly fed wind generators
1.2 ZREE SRR THI
WFERUB A LB B A I, A B
B MG, B AHGRAINRR, AR ) B2
1200W 1 12, BN OB 42 D s R A
RIS LA, NN BG4 B BN LRI E E
MG PFE ;s AN REINR AL AR AN S8 2
HLBHLIKISE M s DR T S B s 2 e 7,
5T TR Ge LI Hop 02,
FERFIEARRR AR, XU UL HLS T R A
u =Ri +de/dt (1)
u =Ri +de/dt 2

(05 Lss Lsr is
o, Lrs er L
L.+L, —-L, /2 —-L. /2
Lss = _Lms /2 Lms + Lls _Lms /2 (4)

-L./2 -L, /12 L +L,

bt T

HEBETTRE A

N ST S N 165
L +L  -L /2 -—L_ /2

L =|-L_/2 L, +L -L_/2 5)
-L./2 -L, /2 L, +L,

L =L =
cos o, cos(6.—120°) cos(6. +120°)

L. {cos(@rﬁL 120°) cos o). cos(6.—120°) } (6)

cos(d.—120°) cos(8.+120°) cos 0.
A NhR s RoRE P E S, MRS r ROE
TONRI PR s Lo 2 55 T MHSAACHER) B K
AR BT N IR - HEK Ly S 57— HHSE
AT B 1) o KL SRR JIT R I AR % 5 ELIRR T
G E B oA A, HLA& Se 2 [R] BB
HRE LB, WEBHARF], VIIAK Lyne=Lows Liss Lie
IR E S B TR O WAL E A . SU(6) R,
TR IR SR A B A 0, RARMER = A
PREOCR, JEARLEN R, B RS L
LM RO, 2 el AL AR R B P AT B PR LR SR
BB A5 ) R ) o

#AB AR

dip g 99,
t

uS = RSlS + LSS

Sr dt T dgr T
14=R£+15d”+lﬁgﬁ+gdqnq (8)
dr d tde,
Arha M TMIEE . DFIG B TN
1 .dL dL
T o=lp (i Loy Sy 9
e 2%(‘dd 5 40 ) ©)
BTN
7,1, =L 4% (10)
n, dr
o, =d6,/di (1)

RO T A s T o S ny h
LS T A ML s, H 20 T AL shHL
Fa R AR 2 A PR 3
H(D~G)D~(LD)R T E IR AR R R FLL
BB . T IE R RS R R B L, (e
W IE S TR LR 5 5 Tl FUR U SEA AR IE e AN,
JIT LA T -0 D23 (4 s AF > 100 8 7 re
oo [RIE, XU FEUTLE -4 HH i ) D e il 2
TH I M LA O P S P AR SE DRI o T e 1
Jiby i P S o R Y A 0 A 8 s 1 A PR R
HUFE 7oty PR3N H ) Rz ) o T LAE U FLBL R
i, ETFHIE ue HPHRE u AR, 2T
Wi R, R TR i BRI i AT



166 SRR ARHE AU A & LA ARG ME R = o Vol. 33 No. 19
PLEA 6 B T L o RS R . B dir T, =y Ly (g lig = lglig) (19)

IIRIRET BT R, ¢ ARG,
¢, = L.,di/dt + widL /6. (12)
¢, =L di/dt + widL /d6. (13)
¢, =i (AL, /d6.)i +i] (AL /d6,)i, (14)
XA~ T s+ ¢ Flghy AMUEF ARG SHL
Ly~ Lis, 1M HIBWEREL SR i i O o, TR
T, JX LIRS B SRR R G I A e Ve G
DR, AR, 2225 B 2 o R B 56 R AR AL dhoo
G Mgy 1, R 2 s B e R 2R G0 A8 1R RE M) e K
1.3 RTHEELRATHSH
B 1.2 TATLUE 8412 TR EL R XUt
ML RS AL MR AR . AR AR bR R T
DFIG WA 2 frow, v iy AH AR AR Al B A 3
H, WS BB A RS .
q il A

+—0O

P o

<0
isq
—o0

L T Uxq
~€—0
irq

ST T
— —

Urd Usd

B2 MBI LIR AT DFIG MHRE
Fig. 2 Model of the DFIG in the d-q rotating coordinates
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