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Response and protection of DFIG system under three-phase short circuit fault of grid

GUO Jia-hu'?, ZHANG Lu-hua®, CAI Xu’
(1. Anhui University of Science and Technology, Huainan 232001, China;
2. Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: To research the technology of grid fault ride-through and protection of doubly-fed induction generator(DFIG), the
responses of DFIG and converter in the case of grid fault are analyzed in detail. First, the simple space vector models are presented to
estimate the moduli of DFIG stator voltage under grid fault. Then, the response of DFIG and converter in grid fault is developed in
detail, and the maximum value of the short-current of DFIG is determined. At last, the method on crowbar design is proposed.
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. dy
v, =Ri +joy, +—— (D
s s's J Ol//s dt
dy
v.=Ri +joy +—- (2)
3 L T JOY, dt
. . . dl.g ( )
Vg :Eg_Rglg_Ja)nglg_LgE 3
c d =P -P (4)
dcvdcavdc_ g Ir
Horp:
wo=Li+L.i (5)
w.=Li+Li (6)

A v Vo i i Ve Wy N HENLE T
AU I, FL M ESE s By ALK, vy =E,y;
Vs ig A RS0 2% R LA s vae A ORI FEL P 5
Coe WETUML; Py, P43 00 WAL $e 25 Fl 1
M AS 4 235N TR Ly Lo A1 L 255000 i FL gk,
T WA UK, o=w, on o 57358 B
S, UG EALE FHR AR, g
DL B 22 S

PR 00 2 8t 4 308 55 SR FH P D), ks e ) ) 4 T4 il
TNERARFE AL DA RO I B M s ASE, 1M
AR 3 70 2 T BRI & T, SRAE T
Tl 32 1) (P % B 48 I VAT Th DR A e Dy Th %
f Rt R XN AR ABAT I E T BTk EE T
Ko

E
W,=— (7
W,
LL - L
— STTr lnl' + m (8)
Wr L T L WS

FR AU A ML IR RE B 2> 20(5) ~ (6) T A 8UIs
B IR S 7RIS 1~ s IR 20 )
1 L 1

i - ——m—, (9)
s I l//s Lr LS l//r

S

U AT A HL 2R Ge A HL I = A R A T e g 7 5 -41 -
L 1 1
===y +—y, (10)
' Ls Lr l//s Lr v
/\Iq:‘:
2
L'S=LS—L'“=L55+M (1D
Lr Lr& +Lm
2
L'rer—L‘“:LraJrﬁ (12)
Li L55 +Lm

At L RlL g 43500 U5ER AL e B F st
BT T R I 1] 20 A& AR 4K, R RS E
Ly << L, W7 e A1) 0 o 43 50 20
v, &V, —joy, = JE, - joy, (13

lyg = ~(Eyly = Vioig@ ) Eyy =

gq1q 14

-(l-w,/wy)i, (9

b A B AR H s Py R A
tshee P,

P =Re[3v,i |=3E,i 3w im (15

gq91q
P, =Re[3v,i,]~3E, i, (16
ER/ RS54 N S S|
ECdcavdc:pg_pr:o Q¥

AL K R ek TR R I, A
PP, FLUEE R A A

2 HEBERWIRE BRI

5 L WY TE IS AT, XUt X & FEATLAE A L i
FL R AR S8 T SE 1) R [F) 2D i ARBR 3R N Rl
E, =jE, (18)
LY R AR AR PR R B R, XU R )
HL 2R G0 ) A ML ity P S ) A7 R0 2 H AR R R T
i/, RIS JEAH AR B 2 R AR AR A, ARG PR et
RAF, AILLsE A pRiEs byl B R A4, TG Hy
3 EEL IR R K T | RS FR RH A AR Al T LS AN
v, DL L R R A AT s -
Ego =iV (19)
Hrpe v Z2HMESEES, R ELE TR OREE R
FEMRAE, e Sl 1 P o e o (10 71 AR A A i pt
53U R A LA PR S I a o g™ E R Dl
REMLE T i B R R, e v=0.
Rt AL E - FHs PR v 25 15 Lk e L oA 48
— RGN, b B E S K L TR
(RARAK, B AL o I A P 3 A R 2 20 B XL
Tt FEHILACE R A R P SR N PR 288 0% 2R TR DR B
BB HL Y =10 I 2R AR R, K b It G =X



_40- U RS R R

(19) FronIAUm R AL T R AR A B e T H
ERE (1) 1, 75
jV=R&+ﬁ%%+%%- (20)
Al LUE S &y RS — AN RS IR T e
B WA R AR FE A PN 8 A R, HE PR 2 FL MY
WO J RS 8 TG EE, & S AN RN E TR
HRK, NRRUEE e FFIR 7 RE P fi At Ha oY g
HA )UK FE AL 28 - R AN SR AR s IR A L AR 3]
TR RSN S S E, AWK N E
&, B9k NSRS EE O, s
o gk, REOETE, R EECy
ﬂzi QD
RS
TEZMSE FHAMSH T, A
. dy,
V =~
W
l//s (tO) = '7[/50 (23)
SR TR 1
V V —jowyt
W, :FWSO+(1_E)WSOG ot (24)

g g
T R T B R AE R USRI E T
R 2 A NS EIRY, AEIXAN S N A 20 E 11
BT, MSEbr bl TE A, &
TR AR St DA T T S0 A e, 1
7 FEL P FEL P SR I PR U A HUATLIRD S 5 BB A «
V

Vo i T
l/jst :E_WSO +(1_E)stoe ! te 8 (25)

g g

MRS AT LAE H 78 HL I R AR = A ) R e i
R INY, XS FETLIR o B ph B F R K S
(VRS R - WA AR e Lo P B 9 17 T T R 11
BOEWH AR, ERIPIREAWRT, &Y
TSR o) IR, WRGIRIEN(-VIEy) ve, 5
FEL ML FEL s SR P4 FE R A 0%

S (13D A SRAF XA ) A AL - H
i

> + ja)()vls (22)

@)qulsqgmkﬂ<%>
600 a)o

AT LA, B R ERTR I, XUBR ML

THURS MIURE TRABEAI R IR, IRHiR

Ko, PR L R TR LA e % 78 e o

MU LI AT 56, VR R TE IR S R, %

THEDERR, e i IR TR O . SR

v, =jV(1-

P TR R PR, U5 XT3 A UL A A [
AR I EOAE W [R] A AR A I ) 8 1 W e AR fl o B
Ko BB G IR HLES 71 i

BOERES AT UK, IEASHeds 1)
FERIERR, B AT (oSS i)
PS40, WK, ¥z p,
AR LA Py 535 4

.

: Voo T
D) —3(1-—)y, i e “e i (27)
a)o)rq ( E )l//s()rq r

P()~3V (1~

g

. o,
P, (t) = 3vi, = =3V (1- -

)i, (28)

0
RS e RS 32 S A AN £
lC’dcivgc :_P _R =
2 “dr ¢
29

t

v s
31 —E—)l//soz we e

—joyt
q "t
g

M@ PTIL, H R A A R I, BT
A% H A P 0 A e 2 TR R D 2R AN FEAR A, 5K
(7)Y — TR Ll A k% ml LA e 5 (28) Hh AH ] 11 2
PRV AAMEE, M ENQT)HHE IR BRI
— M)

D=3(1 —EL)l//soi me "o (30)

q T
g

A7 LA R I F R ) () R R SR 5 A
A LU e PR ()5 A 2 P A A s o

) 2
|Gpcdc (.] a)g )| = Cdca)o (31 )
T AT DASRAS B 00 H s 1R S0 ARk
E -To L
qk::6£—3i———l—1¢goge gl (32)
(%CEéa%

AL, A R F M R B PRI I, 2 3 i
A At 0 O A g 2 ) (R R AT, 3 O
T3t R L R G I T B L s 2t SR iR ¥ 114
20 HARGIRN wo, HREWMNA (32) Jror.

3 WiRARHMEXBERA

M ) 734 R AT HRE, ot 2 e 7 Wik ik
REERHLIS, BRIk R AR AR H
HUERIRE 1 F Fs (R RV R BE B DI ORI o XU
BURYE R B 2, B R A R b R A A
HLSE OIS, 15 Dl ™ B, W RGEE K.

OB AR HLE 7 o AR BRI, JE T



BXIR, 5%

ok

XU R ) R P R G AT FL I — A e o 7 5 £ g -43 -

Uity B PR B 0, BRI =0, IHL e FREHEAS Ay
W, = wsoe"j“’o’eii e (33)
wO
FUSR A 2 T WEREIR 7 —FF, AR (2) T LU
e ERE N
’ E, %
L—m—ge’”"”e”“’*’e 34
Ls a)O

B B3)FGBHRNE(10), TR HBEYLE FHE%
FLERIT, XU LI E BTk

jog g, T _

V/rt = l//roe €

_t 2 !

E ) , =
i =—2-(e™e " _ L e e ™) (35
A OLS LSLV
E L _L _t
i =_gl_m(efjwsfe LN LN R) (36)
wOLr Ls

TEMUE R AT, RN, . Rk
EMRAERIARAL LIRSS, M &I, 2 T HisE
[ 2 7L T LS, AH 3 T RGN B A 1 1R %
ST AN, W R A G R (=T12=r/w )
I, FREEER S T REEE L R ZE R AR, AbAE
A HIAE B by S e 7 i o B O
E ] 2 FAR bR R R AT AR R A

_r 2 T

E ‘ ,
P N P 37
smax a)OLs Ler
E L L
irmax:_ g' i(e 2 +€ ZTS) (38)
a)OLr LS

4 WIRK A% BH B R RIP

4.1 BFRIPEMAEIZIT

AR AT R BT ANE S, BATT ) LAAEAf It 2 i
XU HL AR A HL ) — AR R i A i I PR 2 ) B 0
P HL A F H (R RS 5 RS A BB E 7 HUE SRAR
A5 e DLl e v (R s i, D
1S A HUAL IR RE 1 AR A AR 2 ) e 1 Y B
BOK I R, I AL AR AR s RE % th AN g
0 H AP TR PR, 2 P i ) P P (R i A
ST RERG AR KB K RS I, R RUATL AR e - FEL S
IR T i S 25 9 4 /S 1 0F 787

H BT A5 2 ) B I P S T R IR SURT L
KIIE, AR ¥ raBLpfEH T, R LE Tk EE
T e 5 RE R B I 80, B AW beext A v
HUR et BRE BB 36l o BT EALE L I HEL S R v I
FATRT LUE A 55 B OT AR LIS 1SRl b i A fk
I QL BEORTRE T30 70 1 BE TN DR B P S0, AT 2%

i SR HLAL Rl o 30 SR AE XU N R RUATLID
Bl M o X g o ) A AR — AL DR L BHL, e T
HIAR R AR i, i B T A5, g H LR AN B L
Ferotdh, RO AHds AL, X L E
BT LA P o B T,y Lk e SRR L A 11
Eﬁ,uﬁﬁ%ﬁ%ﬁ%%ﬁmﬁﬁﬁEﬁ@ﬁ%

JUE ORI e 1 Org BB RE AT b il 4% 1
HIVRUEAE, PRI S T S (I RE, SR M0 5% %
HLBHRE K S o il L Il iy, 20 5 DN EL R AN
AR ST RN T A A e s, o AR A Pl e i 5%
HINLEE ot i %, T LU ORy L B BEvH 22N
P TR 1E «

1) DRy BEANREIL /N, ZERE R e 1 % L Ui
AN e LA URI A e85 BT SEVE R e K LT o

2) BT HIBHANRERL R, DLk G LS 10 Y B
e L, R Y A UL, T SR AL RN AR e 2 P e
SR KL

R LR IT AR TARIN, S5 BEHLRHL Re FRRRAEXL
WA R RNLI L He 2l 1, B, B A s
RIS 8] AR

T = L (39)
R +R,
T, A8/ e 7w ek, M TfT3E— 24

il L
ey e L AR T 5% i L BELER R N T AR,
FLIEAEA -

E I _r T
s E— 2L 4 e 2Ts) 40)

A (42) JEXBUR RHLAE ORI FLBEL T AR A
T IO R, e AE DU g AU N AL
KIS EREN I ORI (. 2065 TIRHT, i
BORUBH N A LR 1 D0 A2 i 2 DT SR VR K e K H
VRAELN o WUV T FEL IR DR FLL BELFR) (L 35 A -

T T
E? 21 n 27, \2 '
: >\/ & ) oLy @D

(4 2
l

rmax

KU R LI e - FURR AR 55 B W B T AR, mf
KRN
vr = irmach (42)
g Tk S R R, 5% R REL TR B AR I
e (43):



_44 - U RS R R

R < Vi (@ L) (43)
\/Egz(e 27! te 2T, )2 _Vrmax2

P vimax AP BORIEAE, &t B
TG T e AR 2 P s 1) o KRR AR 4 2 Ay Tt 4 e 72
P T HE AR 2 P P, s e KA 3 ] 5
4.2 (FEMR

K 2 Tz 42 Matlab/Simulink 1> 6 1 1) HL X &
A = AR B W B () XU R LA~ FL 3t 1 0 L8
B, Wbl ARG HSHNR 1. BMRSkE
RATE A 0.45 s, PRI R 0.65 s, ML H H )
PRIKIRIE R 80%, R 5 IRXU5T A FHLA L FEL s
4 0.2p.u..

e
4 ) il JiCrowbar
2-
|
L Wi !
4 iy
0 i." Il
Yl | | |
2 | i il ]
|
4
6 i L |
0.4 0.5 0.6 0.7 0.8 0.9 1.0

(a) ForF L BELFR OB A FRALES 7 FRLUAL

Ferif

\ Crowbar=10

its8 MRy
q ‘\/ ﬂ /;(/V /)\’/U § M/m

i 03 0.6 0.7 0.8 0.9 T.
(b) PRy L BE AR XS R LS T rB i
2 =TRIEER PR R IR A B F R
Fig.2 Rotor current of DFIG wind turbine

z1IHFESH Fr4E)
Tab.1 Parameters of Simulation
25 LIz ZH LIEd

SETHBL 0.007 1 ETHE 01710
B 0.005 R 01560
g 2.9 xs 3
HEZEHBH 0.003 waist 03
IR 1L5MW R 10Q

MK 2@+ LA, TG Crowbar TR,
i IS e - FL RV (R IR 2] 4 poue, BT BRINE, SHIK
2 6 p.u.. H HAET Crowbar {71, A1
A e 2% — EAC R 3 i, XA 1
A s R JAE ) VR A B ™ . SR Crowbar R4

Jois AR T A R LT, A A R A
P NAEALE 2 puZids, Bl 2(b)e M E 45 ] LUE
H K H] Crowbar PR3 HE 0 1] LUbITE A 8 28 ok R (1)
Wk, FHIF L A, AT ORIE X A FATLAL )
YA,

5 #5ig

T T o P, o = R B e XU A FEUTL A S PR
WL PR R 34, T T RS R ) R FRALAL I
SETHESE, ¥k, BRI DL AR
W R A B R R I RaR N, T T XU AR
BURIZ AR O O R M 45 H T =
FRRL A I XOUE A FELER) A8 1 R rRLR AR 36
K, IFERIERE e 1 b s I A B KB O
KA Z . TR R LIRS 7 OR 4 L %
(R BARBETH I Sk M, JFEEAT T L RIE

A RVRIF I R TR 2 PR i P, D9 — AR R B IR A
IR IRCERL ZR ST R B 2 W S AR Tk 2D S X
R BRGH R RIAN A K ie AT BAT 20 BLie 4R
SEX.

S 3k

[1] Jauch C, Sorensen P, Bak-Jensen B. International Review
of Grid Connection Requirements for Wind Turbine[A].
In: Nordic Wind Power Conference NWPC’04[C].
Helsinki Finland: 2004. 135-140.

(2] 3k, Klex, #mllse, 45 R i Ak i s o ok
AREGA]. BRI AZMEAR, 2008, 20 (2):
1-8.

ZHANG Xing, ZHANG Long-yun, YANG Shu-ying,

et al. Low Voltage Ride-through Techonlohies in Wind

Turbine Generation[J]. Proceeding of the CSU-EPSA,

2008, 20 (2): 1-8.

[3] ZOU He-ping, SUN Hui, ZOU Ji-yan. Fault Ride-through
Performance of Wind Turbine with Doubly Fed Induction
Generator[A]. in: Second IEEE Conference on Industrial
Electronics and Applications[C]. 2007. 1607-1611.

[4] Morren J, de Haan S W H. Ridethrough of Wind Turbines
with Doubly-fed Induction Generator During a Voltage
Dip[J]. IEEE Trans on Energy Conversion, 2005, 20(2):
435-441.

[5] Kayikci M, Milanovic J V. Assessing Transient Response
of DFIG-based Wind Plants-the Influence of Model
Simplifications and Parameters[J]. IEEE Trans on Power
Systems, 2008, 23 (2): 545-554.

[6] Vicatos M S, Tegopoulos J A. Transient State Analysis of
a Doubly-Fed Induction Generator under Three Phase
Short Circuit[J]. IEEE Trans on Energy Conversion, 1991,
6(1): 62-68.

( T4 %487 continued on page 48 )



_48 - U RS R R

15 FCH B I L P R AR HL R A 1] 4 Ca) B
7N, TR AAR . K 2 AR, a4
L s IR O, il 4 (b)e 4 () H
(D3 R ST I 1 7 8 Y AT Ty L RE RTS8 B e
IheRE M HL I

PR IS S E N, A7 LB RE I 67 3 L R e I
B, WA R AT LUE H, RTIHR E
W M TCIN Gt IR B AR R, X IRUE T A3
P2 ARSI T VAN 52 H Y H s 9 T I AR S, S
Sl YR

4 g

AL H PR TG AMAH P B LR 1 3 RN JIC Dy HL IR
E I 773, S AT A AL I B E R 9215 T
TG, BEE o) 58 H rR s B I ) R )
FOIRAT Dy B, AN e A 00 Hh o 247 U D i
A AMERE BN D) B AME R AV s
IRANSZ LI H PR WA TR 200, ANAEAE BRI L 2%
STt B8, AR T DSP SR A SE I
S 30k
(1] EIk%, W%, XREZE . FBANHIATT Y DhZesMEM]. db

50 HURME AL, 2002.

WANG Zhao-an, YANG Jun, LIU Jin-jun. Harmonic

Control and Reactive Power Compensation[M]. Beijing:

China Machine Press, 2002.

(2] B, BisAl, B0y, & AR FRINGE IS
FEWH ) LTRSS AT I]. 4k,
2003, 31 (4): 6-9.

YANG lJie, LAI Sheng-li, LI Xin-guang, et al. Research

on Precision Detection Method of Harmonics

Fundamental Active Current and Reactive Current in the

Case of Asymmetrical Three-phase Voltage[J]. Relay,

2003, 31(4): 6-9.

(3] EHEmk, B, FoR. =AHHEAFRE AT
Th e A HE A I BT 7 i (0], dkHigs, 2006, 34(18):
47-51.

WANG Yu-bin, Li Yan, LI Ying-jun. New Precision

Detection Method of Harmonics and Reactive Current

under Asymmetrical Three-phase Voltage[J]. Relay, 2006,
38(18): 47-51.

(4] ATAKUE, 2575, WU, A5, PR A R IR I U O

K TG D R SE A 75 A (). ARG I A )
b2, 2003, 15(1): 95-98.
REN Yong-feng, LI Han-shou, HE Gang. The Analysis
of Two Real-time Detecting Approaches of Instantaneous
Harmonic and Reactive Current in Single-phase
Circuit[J]. Proceeding of the EPSA, 2003,15(1): 95-98.

(6] F, $F, HORUE. TCHUHIR d-q BB RIRA I

ML) LB, 2003, 27 (8): 46-49.
DAI Lie-feng, JIANG Ping, TIAN Da-qiang. Realization
of Harmonic Current Detection of d-q Transformation
without Phase Lock Loop[J]. Power System Technology,
2003, 27(8): 46-49.

(6] RvkE, TUl, SR, IR i, A e
BEASH I SEIR). 0 ) R G A H BB AEAR, 2006, 18
(2): 50-53.

WEI Bing-juan, WANG Ming-yu, ZHANG Shu-guo.
Realization of #,-i; Method without Phase Lock Loop in
Active Filter[J]. Proceedings of the CSU-EPSA, 2006,
18(2):50-53.

(7] M, SR, FEKIE, S EBUIER i BT

P LI H k0] mB IR EOR, 2007, 33 (7):
129-133.
ZHOU Lin, ZHANG Feng, LI Qiu-hua, et al. New
Algorithm for Random Harmonic Current Detection
Using i,-iq without Phase Lock Loop[J]. High Voltage
Engineering, 2007, 33(7): 129-133.

[8] ¥k, PUEWe, BOGIT. BH iR BRI B S TG T

PSS RS B 77 v (30 H8 R S A B4k, 2000, 24 (21):
35-38.
JIANG Bin, YAN Gang-feng, ZHAO Guang-zhou. A
New Method for Real-time Detecting Harmonic and
Reactive Currents in Single Phase Circuit [J]. Automation
of Electric Power Systems, 2000, 24(21): 35-38.

Yk BHEA: 2009-04-22;
EE BT

SHEE (1980-), %, #HIF, #iE, BFRH @A AR
B AAMEHR; E-mail: xiaoqin93@163.com

RAME (1961-), ¥, #k, 4+, TERFH/LHEAK,
Yk @, AR AP Fe v, Ay & FHOR T &\ 49 B R TAE;

FAE (1981-), F, #)F, st, TBAFLENE
F 475 MAFR.

&E HEF: 2009-08-03

(_E3:% 44 W continued from page 44 )

[7] Morren J, de Hann S W H. Short-Circuit Current of Wind
Turbines with Doubly Fed Induction Generator [J]. IEEE
Trans on Energy Conversion, 2007, 22 (1): 174-180.

[8] XIANG Da-wei, LIRan, Tavner PJ, etal. Control of a
Doubly Fed Induction Generator in a Wind Turbine
During Grid Fault Ride-though[J]. IEEE Trans on Energy
Conversion, 2006, 21 (3): 652-662.

[9] HE Yi-kang, HU Jia-bing, ZHAO Ren-de. Modeling and
Control of Wind-turbine Used DFIG Under Network
Fault Conditions[A]. in: ICEMS[C]. 2005. 986-991.

[10] Petersson A. Analysis, Modeling and Control of

Doubly-fed Induction Generators for Wind Turbines[D].
Chalmers University of Technology, 2005.

[11] Pena R, Clare J C, Asher G M. Doubly Fed Induction
Generator Using Back-to-back PWM Converters and Its
Application to Variable-speed Wind-energy Generation
[J]. IEE Proc-Electr Power Appl, 1996, 143(3):231-241.

Yr¥s HER: 2009-04-15;
fEH N

REE (1974-), B, 4, %4z, T2HETASIE
NeFEH5E A, FHEERA L. E-mail: hn gih@ 163.com

{&E HER: 2009-06-04



