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Study on Transient Voltage Stability Enhancement of Grid-connected Wind Farm

With Doubly Fed Induction Generator Installations
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ABSTRACT: Measures to enhance transient voltage stability
of grid-connected wind farm based on variable speed wind
turbines equipped with doubly fed induction generator (DFIG)
are presented to implement low voltage ride through (LVRT)
characteristic. Because mostly used variable speed wind
turbines based on DFIG do not provide with transient voltage
support capability under fault conditions, the security and
stability of grid is influenced by wind farms integration in the
case of severe short circuit fault contingency occurred on the
grid side. The power converter controller model with transient
voltage support capability and pitch control model used for
post-fault stability control are implemented in DIgSILENT/
PowerFactory. The models validation and the contribution to
transient voltage stability enhancement are verified by power
system simulation containing large wind farms. From
simulation results, it can be illustrated that power converter
controller with transient voltage support capability should
provide dynamic reactive power to support grid voltage; the
pitch control of variable speed wind turbines should effectively
reduce mechanical power, preventing wind turbines from
over-speeding in the duration of power system large
disturbance. The conclusion is presented that adoption of power
converter controller with transient voltage support capability
and pitch control used for post-fault stability control enhances
transient voltage stability of grid-connected wind farm, ensures
low voltage ride through capability of variable speed wind

turbines equipped with DFIG and the security of the grid.

KEY WORDS: wind power integration; doubly fed induction
generator; transient voltage stability; low voltage ride through;

power converter controller; pitch control
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Fig. 1 Overall control system scheme of variable speed wind turbines with DFIG



28 S R <E 1 R R = SO 4

527 3

P TP L R 2 A IR A2 s AT T D R 2 5 {H
Prea 2 XU UL 1M AR AR &% (1 D A< s il s KBR
Fdz s P T CHER I 308 K R D)2
R TLAUE DI, 5O SRER A DARR A UL
A DB, IR TR N 2R R 0°.
X T ARSI TC D], e AR AR 1K) Qury AR Hhs
RSB AT I X I 99 o G 2y Dl 38 A H R J3E 1R 285K ¢
SER—AAAE; AR Qe BEE N 0,
DRIFIE W TARI 315 WL Z [ ANAZ 0 TE ) o

AP HH A R R A A Rt i X L2
SEMETC T H B SCRFIN AR AR 42 BRI IR T Sh il
S AH AT RE S I HLHLEL 3 28 K e D B 4 5
FER LRI TR s 108 A SR A 12 TR T ot
o 5 RS 1) U LA B the AN e AR i . R, AR
SCHRHY T AR A LA B 1 (0 AR 5 2 2 R s 4%
H7 55 S by W 8 A R RE AR AR AR B A A )
J75E, VAR RS AR LAL AR 2 i I ReE P, K
PUAZ TR R AL ARG s 2 BT e
22 FTMENERE S HEEHRE

A S A LA 0 AR 4 U
HL, A HL P A A W v s R S P AR R i )
R R R A RS2 5 RGN E S
FsAr bl DLORIEA FBBIL H AL S H s (B0 I P e
Je) REAE M bt i DRV S ORFFAE e b iy A0 L L
A& R A B i 2 B

Usia Qurd

B2 #FMTihzESaEEs
Fig. 2 Control diagram of rotor side converter with
transient voltage control capability

I T T 25 o T 2 AR 40 fr
VE 2 2 (1 U 5 st 788 o S 45 £ v T
e, HARFE(E S 205t PLERHIES, M DUt bLE T
TR LI B0 QR » TR PRI L 4%
A VR 2 DA PR £ 552 B A EG D 3 2 LA B S it
] HLH L R I T L LR S 4 R I S {1

TEB I T 25 A A B8 2 o PR M
A RS IR, T R R AR AT TR
ST HUE R I AT TR, (Eh KU LA R 32
17+ b e PR S A B T B E AR .
T RIHAL AR LIB TR RORZS, I3

WRATHRMIAEL, — B I i . b
IR AR, A X R I 1a) 3 37 fig
WA RIS, BRI, B AL AR I B R AN 2
BORAT AR, e 1 M AR 1) 87 28 B s A i e T Hs
SR HE N
2.3 HWPERTREITHIRREE AIEE

T e e L HL P RGO RATL AL T 42
A R T AT DD RIe AT, WU T o pe e A
G AL, 2 FECEA XL N BT KR
P ORI B 1R ML AL DI, DR A i
o B A i 1 DX PR AT ZEL AL R R BEL o X v
PLAL S, S O A R RE th e KU HLAIHLI
BRI BRI R A A S L, ASCRAIN S S
PR R R A P R e 3 B

DR i B ANRUE 5 Y, AL A DB I 2 DA O, I
VR SR BE A P R i A 5 U 22 IO 52 B R H B A
THOE MRS T R U T 22, 2
HL IR O AR e, KR B2 e R ) 3L 2 2 1T
I, SRELAIEBITAB0E, DU HdeR &
ORI HURIHUBEL A RIS H AU AR,
R ALIAT DD AB AR, ) AR AR 2 1) A L
FREMT R MR AR .

F I X LA B IR, 5842 mT L
S B I B g i v s R AR R ) SR B A R
b, AR SR AR TR PRI e AR RS0 LAy B

B3 RIEMAEFHER
Fig. 3 Control diagram of pitch control strategy

3 MERFREHISH

31 EfR%

HBIRGA— DAL RS, W
Bl 4 Prose WEFRY, — A AHRA S G XL
M ARAR R, RGNS, %8
PRI SIS+ 43 AR, Rl e R e b e —
A HEACR T AT S RS T SR I AN S AR K
MRz . ASCRH— R EE T A KB AR
SEM AL RAC A KU by

T T AR RGN L KR



25 1 IR T8

S T XU N e FUATLF) I 190 XU F 3 8 2 H S REE PERIT ST 29

Iy e T Ut B N R H L () A i A R LA A Rl e 25
W) I RC LA R 38 T i R 48 SR B A
PHIE ARG, A R RNUBASR AV X EY B
Ey~ Ej 2L AC L 6 BB AR 50%
TEBHBT 50% R LA AL S50 i) REEH)
PR K 25 0K [ 52 s oL 9 B2 (R SR R B 2 8
G0 W M 2 i R M B e EE A L, B R — A
P s BT 2 — AR W A 7 ELIN ] t=1s BNk
Az, R ARG 0.1s ZR I IR 3 BN VE DI BRI 25 1%
AN B s A

SR FH AL R A E DhZ 1.SMW XL
AR A FALAL, s T DRUE RS 690V, HL
BLBHUH : r=0.004pu, x,=0.1pu, r,=0.01pu, x=0.1pu,
Xm=3.5pu. MUHALAL A& N : H=4.02s, Hg=1.4s,
Hh AR 2R BK=80.27(N-m)/rad.

| (220kV)
1 (GE £5)
I (220kV)

(35kV)
Wi Ek27)

AR L
(500kV)

B4 MREFHEBMETEEZTEE
Fig. 4 Single line diagram of the studied power system

3.2 EfHIaHh

KL R LAl 300MW, I T 45 Filt 45451
LT M IR A BT 720, HOA T 8K
HULAL M o R, AN R R LAL I R

(1) 5 1o AR 10 AZ RS 2T 25 L s 4%
I s, 2RER 3-6 KR AR ER RS . )
FLAERAE S Frose 76 RHHLALAS K FHAT A B n %
S, 5 S0 ) ML e T Bk A O AR (KR &
0.3pu), i o S ILIG RIS PIEH, ok F
MR AT RS IS AT IR A B TR e i 2 — A
PRI DR, BN X R R KPR,
FEAS AR 37 R S PR R T AR R A T RE IR G Th R
TIEWBATRGL T FERICT), i BT 5 XL
R TCIIRA S KA, A K
TCFARAE M J5 E I i 5 L K E S A8 #8240,
T T BB 43 T Th Eh 6, DRI AR 9] v g s 5
AN RIS TE D D2k 18Mvar o R HE 37 (1) L i

AR IIEIHUEIB R KB LA A
PR SO A5 ARIUEAT H8 78, XL
NG BN, 5285 A L VL L S DX HL R K
LU 5 4 2 RS 1 X UL PRI PO s PR 3 B T
RIS, WAL 2 AR A DIRR, JLLVRT
hRETCIE I o

et - -

&]‘ZS'W
1.15 — T T T T 1

5 100

s

2 W

o 0 W

0 2 4 tl/s
E 5 REIFHAKAEZSBEES 7 EGEERFE
Fig. 5 Wind farm post-fault performance without
transient voltage control strategy

(2) 51 2. PCRMRKBEMAAER], L 3-6 K
PR . (AR 6 . MAZEN
HUHLAL AR IR Ay 12 17 ey, b 00 Tl ) L
Jis B W L D3R BOR (7% 22 0.3pu), fHRE ML

Pe/MW
—_ w
(= (=3
(= (=)

1.1
k3

|||||||||||||||

@r/pu
5
W
j |

Q/Mvar
=3
o 3G

|||||||||||||||

U/pu
oS =
N O

-

By

Puwind/pu
=T
o o

0 4 8 2 s
El6 K eiAXRARIERITH T EMERTT

Fig. 6 Wind farm post-fault performance
only with pitch control



30 S R <E 1 R R = SO 4

527 3

LR MR BE PR, FLR T RENS (R R 21
o By (R RS B AT e a8 s UL 2R A B 23 IR A
4° LUFR 73 B AR R B LAL HE ) 4 2 B IR R AT BG4
HURE D) 2147 AER ol T b e s DI R 5 R AR M X
P ) P P ARG 0 ) R SRR A A2 B T oV o,
DXL I L s R A L HL P ARG, e 5 12 r k) 3
AR B AR PRI AR IR PRI BN 1. ALEE
HIHLZEL SR i), A R (1 22 4 el SEEDS T8
VEORIE o AR AT % LRI W 2 (1) 45 ), D i e
LRBR VIR 1s Ja A el XL 37 S kA R] LU
IEHIEAT, M R L s BE R IR H K. PR,
FERFRE AT B (MRt B 1), S R A 42
HIRERS SEILR LAY LVRT,  HL I 1) 22 A A e B T
PAPRALE o

(3) 5541 3o SRALHe 1AMt 25 L 2 1 4
BB FER], G 3-6 KE AR . T
iR T Prose 2R R LA 1 0 A s
AR PR R R A I, LA A b i
Hh R R A RENS A JE S DA S R L s,
b ST TP AL L P B i B A2 /N (U 42 0. 7pu), SE
PSR AR R W2 . BARME L R U R
SRR R S5 ARES, (H LR R XU LA L H
Je AR AR WL AL 3 2 o 2 SCRF T RE % 1 2 21 i
B AR BT, X R LA e it RES DR FFREE (A
IER S, sl e TP h A R A i A
S PR A R T R T DV R, BRI RS R
P PRI R PR Is IR . KB LA AL )
Ly FL AT Dh D) AR AR e AN R B,
AL R BEAE F 5 IR0 T SCRE T 4 R il s iy
MAEBATIRA, 564 T LVRT RE s, HX)
TSI R IR R AR B0 th T RAR KA A

UL AT, R A A BRI, XU e
U T el Re s B IS, e 7l iR
5o D0 R VO S S XL PR A %
PIRAR, MR DR R iy, e
ML AR 2 153 TaE i, ARSI
crow-bar R E BV Toe i, e 1AL
s RIS AT, LI XU X H AL 4R 2R 25 4 1 g
T3, e ARG A A F M3 T SR e i B4R
Fs B XU N LA 8 20 R A LRAB AT
EIE TR BRI HIRE T, crow-bar
PRI BN IR ) 22 )R RE AR, e A LA A i8¢
Je e TR A LR B AR B LE H YV A I, crow-bar {4

PSR, RS TR A S, KB4 EsR
FRAEHIRE Jya] CAVKSE , 0806 R 3 HE R 3R AT
o QSR LR SR R AEAE LI T, XU
BUAR % i A 2 8k RAORY (1) €, crow-bar
PRI IEAZAE, LI TC 18 2 Wit R ik A Wi f
1A s R AT AEA T 3 A F R A

. 400)

ag“f 2001 d\N‘f

2 1.0] ”“‘
064 47 +—r+—F———
<4
=1 A
0 T T
=3 -
&
210 \VA
o
09T T — T T T T T 1
0 2 4 t/s

B 7 REBZHEAEFNENEEE S BEE
53R AiTHl A RS R
Fig. 7 Wind farm post-fault performance with rotor-side
converter transient voltage control and pitch control

4 &R

PO S S VA N IR B S R 7R 7S
HA P A 1 ) R AT T FST, B T AR R LA
Hrmmas s kmEi T 252 588 TR
PR AT %6, DASSREXUsE X F LA 1 3
SRR E M . 7F DIgSILENT/PowerFactory H & V7.
B A7 875 H R SCRERE ) 1178 3 X LA 7 1 ) A
AR A W R 2 AR Y R S A P R, ol
KL IR ) R G B SR UE TR R A P
e TS5 R I7) J Vi 9 4387 A R A Ik B D ik
FARRN], N A AR — A B R I, XUFE
BLAH A A5 25 8 25 H Hs 4 1l R 8 A R0 b A2 i XU AL
HIRIC T D SR o s SRR il Re g Ay
S35 A AT A X R A LRI i, i s I X FELATL
YRR AN 5 S ) R LR S W R 2R A R
e~ 00 A 0 2 T A P s T B T W S AR 4
T PR 2 A 42 ) B8 8% 503 U BRI K FELATL T Y XL
ML IR A H AR 1, O AL AL P s 2
(LVRT) LI e (1 530 S v ) 222 A A3



25 1 IR T8

S T XU N e FUATLF) I 190 XU F 3 8 2 H S REE PERIT ST 31

B
AR AR T PE —ZEERKEMHE
FE BRIz 84 X F RN e E
BT\ BAR IF, kT RS RS,

B2 3k

[1] Datta R, Ranganathan V T. A method of tracking the peak power points
for a variable speed wind energy conversion system[J]. IEEE Trans on
Energy Conversion, 2003, 18(1): 163-168.

[2] Zinger D S, Muljadi E. Annualized wind energy improvement using
variable speeds[J]. IEEE Trans on Industry Applications, 1997, 33(6):
1444-1447.

[3] LeiY Z, Mullane A, Lightbody G, et al. Modeling of the wind turbine
with a doubly fed induction generator for grid integration studies
[J]. IEEE Trans on Energy Conversion, 2006, 21(1): 257-264.

[4] PenaR, ClareJ 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 Proceedings on Electric Power
Applications, 1996, 143(3): 231-241.

[S] Piwko R, Miller N, Sanchez-Gasca J, et al. Integrating large wind
farms into weak power grids with long transmission lines
[C]. Transmission and Distribution Conference and Exhibition: Asia
and Pacific, Dalian, China, 2005.

[6] THIH, Gordon L. EHINMII) K FLGN KAZBIFA[I]. HIE
A, 2005, 25(12): 27-32.

Lei Yazhou, Gordon L. An introduction on wind power grid code and
dynamic simulation[J]. Power System Technology, 2005, 25 (12):
27-32(in Chinese)

(71 #RAeul, ERGH, SR, A EMORIER ) A LB B R
WAL, h B LT R4, 2003, 23(11): 122-125.

Lin Chengwu, Wang Fengxiang, Yao Xingjia. Study on excitation
control of VSCF doubly fed wind power generator[J]. Proceedings of
the CSEE, 2003, 23(11): 122-125(in Chinese).

(8] ZulEE, Sz, kAR, ASHAEBUN ) K raHL ALl #E AR (R
A1 P EBALUTRRYAR, 2005, 25(8): 90-94.

Yuan Guofeng, Chai Jianyun, Li Yongdong. Study on excitation
converter of variable speed constant frequency wind generation
system[J]. Proceedings of the CSEE, 2005, 25(8): 90-94(in Chinese).

[9] FIAMT, Hesk, Mo, % KRB REHK I & RS
RIS IR U5 LR SE[]. v B AL T RE244R, 2005, 25(16): 57-62.
Bian Songjiang, Liu Xiaomei, Xiang Huijie, et al. Modeling and
simulation of AC excited vscf in wind power systems[J]. Proceedings
of the CSEE, 2005, 25(8): 90-94(in Chinese).

[10] =4, EffME, REYE. RRUEAX ) K AL SRS (7], W
MHA, 2003, 27(9): 14-17.

Li Jing, Wang Weisheng, Song Jiahua. Modelling and dynamic
simulation of variable speed wind turbine[J] . Power System
Technology, 2003, 27(9): 14-17(in Chinese).

[11] R, BME, 52, VR O FRE I X5 R LAt 38
ATIR B2 ISR (7). b L TR R, 2006, 26(3): 164-170.
Xiang Dawei, Yang Shunchang, Ran Li. Ride-through control strategy
of a doubly fed induction generator for symmetrical grid
fault[J]. Proceedings of the CSEE, 2006, 26(3): 164-170(in Chinese).

[12] R, BAE, FESL.  FL PR ARt A U5 R A HLBLAS i o 3
ITHIRGEOTEATFI]. PIE i pL T RESER, 2006, 26(10): 130-135.
Xiang Dawei, Yang Shunchang, Ran Li. System simulation of a doubly
fed induction generator ride-through control for symmetrical grid
fault[J]. Proceedings of the CSEE, 2006, 26(10): 130-135(in Chinese).

[13] R, RZ%E, WSk BT RGGSRE MRS 5 E D)
HIRIET]. HFER, 2002, 26(8): 8-11.

Shen Hong, Liang Jun, Dai Huizhu. Calculation of wind farm
penetration based on power system transient stability analysis
[J]. Power System Technology, 2002, 26(8): 8-11.

[14] 2506, K2R BUKSE, & PRI R RGBS ERUE >

R LR []. AR, 1998, 22(6): 68-72.
Wu Xueguang, Zhang Xuecheng, Yin Yonghua, etal. Application of
models of wind turbine induction generators to wind power dynamic
stability analysis[J]. Power System Technology, 1988, 22(6): 68-72(in
Chinese).

[15] Akhmatov V. Analysis of dynamic behavior of electric power systems
with large amount of wind power[D]. Copenhagen: Technical
University of Denmark, 2003.

[16] Poller M, Achilles S, Moodley G. Variable-speed wind-generator
models for power system stability analysis[C]. The world wind Energy
Conference and renewable Energy Exhibition, Cape Town, South
Africa, 2003.

[17] Poller M . Doubly-fed induction machine models for stability
assessment of wind farms[C]. IEEE-Power-Tech Conference, Bologna,
Italy, 2003.

[18] ZEARAR, Wik, WU A LA Sl BB S [D). Hh FE ML TR 2R,
2005, 25(3): 115-119.

Li Dongdong, Chen Chen. A study on dynamic model of wind turbine
generators sets[J]. Proceedings of the CSEE, 2005, 25(3): 115-119(in
Chinese).

[19] Kunder P. Power system stability and control[M]. New York, NY,
USA: McGraw-Hill, 1994.

[20] Hansen A D, Jauch C, Sorensen P. Dynamic wind turbine models in
power system simulation tool digsilent[R]. Copenhagen Denmark:
Rise National Laboratory, Rise Denmark. Tech. Rep Rise-R-400(EN),
2003.

[21] Sun T, Chen Z, Blaabjerg F. Voltage recovery of grid-connected wind
turbines after a short-circuit fault{C]. Annual Conference of the IEEE
Industrial Electronics Society, Virginia, USA, 2003.

[22] Slootweg J G, Kling W L. Aggregated modelling of wind parks in
power system dynamics simulations[C]. Power Tech Conference of
IEEE, Bologna, Italy, 2003.

YFs HER: 2007-02-06.

fEERE N

BIKT(1973—), 95, Bide, TR, BFFUS o K R0 g
RYUEm . B RERENEHT, chiyn@epri.ac.cn;

FAEE(1968—), 53, T, #ERgim L, FENGEII RSN
55 Ry LSO R PRI b5 0 A

WER(1939—), &, #HE, WA, KSR RGO
55 Ry e HL A SRR R 5 0% A

(43 E417)



	0  引言 
	1  基于双馈感应发电机的风电机组模型 
	1.1  空气动力模型 
	1.2  轴系模型 
	1.3  双馈感应发电机模型与功率解耦控制 
	2  变速风电机组控制模型及暂态电压控制 
	2.1  变速风电机组综合控制模型 
	 
	 
	2.2  转子侧变频器暂态电压控制模型 
	2.3  故障后稳定控制的桨距角模型 

	3  仿真系统及算例分析 
	3.1  算例系统 
	3.2  算例分析 

	4  结论 
	参考文献 


