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Table 1 Parameters of aggregated wind farm
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Fig.2 Block diagram of DFIG rotor side converter control
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Table 3 PI parameters of rotor side converter

e ) ZH UAE
kg 0.01 kp 0.1
ki 0.1 ki 1.0

3.3.1 ik x+ SSCI 49 % 0

BRGEH 9m/s 10 m/s 11 m/s B 3RS 2 &R
S S D, BRI 2 an i 7 iR, Bl
2 R B T, B AR e S AR B R BB R
BTN, 2R G5 & SSCT A 2% i /N
3.3.2 HFMBIAE Pl FHAT SSCI ¥ 7w

B i aw N B LG B3 45 Ky, 230008 0.05.0.1

S _
d 0 .‘\_
N\
]
v
—1 ! ! ! . ]
0 10 20 30 40 50
f/Hz
-—-9m/s, — 10m/s, —- 11 m/s

B7 REEARRETHRESHERERH
Fig.7 Electrical damping coefficient of system
for different wind speeds

0.2, JF5E 45 51 5% 45 10 b~ BELJE BT 525 1 1 ol 2
WIS 8 T, B AL 28 PR LB 25k, MK
L B A 25 B S W K | B R 48 % 2 SSC
BB S TEMTH R, EL AR 5P, 57 LS 600 R K
%7t SSCI HIRER WAF WK

1

0 10 20 30 40 50
f/Hz
e hp=0.05, — kp=0.1, — k=02

B8 REEARANIRLOIEZE THRSHEE R
Fig.8 Electrical damping coefficient of system
for different inner-loop gains

M35 7 B A ISR i R RRL T=kp/ ke O
4 0.06.0.08 F1 0.1 B, 35159 5] 2 4809 B < FHLE
B ATR AR f B 2R AN 9 TR B B I R 9 AR
Bani NI O AR O W N R W S D (AR U 7 N
B R 48 K A= SSCI IR ANAE SR R G < A B e
268 XHE 2 BT R PR & AR SSCT 1Y AT gt 28 8 v fin

1

T
0 ‘
d .,
—1 i
) : . . ‘ .
0 10 20 30 40 50
f/Hz
EEEEEE 7;=0.06, — 7,=0.08, - T,=0.1
B0 R W IR BT % BT
HSHEERE

Fig.9 Electrical damping coefficient of system
for different inner-loop integral time-constants

M E W I A0 L3 2%k, 43910 0.0,
0.5 A1 IF 43 55 D, B AZ AL rg i 2 i 10
i, FTLLE Bl I 4 S0 IR LU0 45k, 9 3
K HAPHJE M AR B kb, X5 SSCT MR K

[ B, Y 35 4 A S IR R S B )R8 T,= T, =
ko / ko 5358 0.01,0.5 1 1B 200035 R G R L
BELJe A A A i an P 11 B, Bl it 2 4k
PRRRG3 o (6] 40 T, AR rl SRR i 2R A R AE



16) ® 0 8 & iR B

£35%

10 20 30 40 50
f/Hz
- ky=0.01, — k,=0.5, — =1

B 10 REEARMALGIEZ THESEERH
Fig.10 Electrical damping coefficient of system for
different outer-loop gains

0 10 20 30 40 50
f/Hz
————— 17,2001, — 7,=0.5, - T,=1

q

11 RRERRBNMARSEEEBTHRSERE R
Fig.11 Electrical damping coefficient of system for
different outer-loop integral time-constant

DRI, SSCI X 48 37 #§ &1 B LU f51] 38 25 1R 43 Bsf ] & 5%
BIARUR
3.3.3  ®ANE AT SSCI %9 % vm

WF5E B | SSCI & Fh 7% il ¥ 3 25 55 [ 22 £ %&b
[E) P R B A FH 5 RS A 110150 PR] b 288 % 0 D B A S [
E R AMRE B S R TRAMISY Y L
#EE (X o/ X)) M 20 % FI 40 % B, 3 il 6 R GE AT HL
SELE TR, B R R GRS BEATR AR 1
H I mE 12 Uis

1

0 10 20 30 40 50
f/Hz
— X/ X,=20%, - X/ X,=40%

12 REERRHRIETHRSHER R
Fig.12 Electrical damping coefficient of system
for different series compensation degrees

H P 12 15 BE3E R Gt i AN R R LR
T BHLJE o X 2 1 O 5 L RS B e IR T 27
Je e SSCI YBR[ I HS b JEE AN (SR i R
Gerp SRELE B N i EL R R IR 9 R

[FJ IS phy R D 2 B 70 A 45 2R T 4 i L 2
PUR AR AR I 57 P A3 b L A8 AN AR | 2R L LA 22
PRE A 22 58 B A0 B e A AR | AR G B L OB e L
RGN M AN AR, I, R R T &
i 22 ¢ HL SR T2 AR AR 355 00 R | R2 0 B 45 2R AR Jo L
5 R AN AR,

3.3.4 &3 At SSCI 49 % h

MR KL BH A B 14 Q15 Q Fi1 16 Q B, 5351
XFRGHATRABLIE TR RS0 RS BH e a5
AR Mg B 13 Bios , I FEE Kb s T
HaL A BELJE B A 1 Ry R

0 10 20 30 40 50
f/Hz
—————— 140, — 150, — 160

B 13 2 EAREBRBEATHESER RS

Fig.13 Electrical damping coefficient of system
for different transmission line resistances

i & 13 1T AT Bl FR 0 2K I H BEL A 3 K, FL R
RELJ& Hre 10 A A A0 R R A8 BV &R 48 % A SSCT B AR AR
A AH S A BELJE 46 X (E 2 TN | SSCT & AR A HER
BRI /N o DR Ry 2 % rRLBEL AT A i P R B R AR LR
ERHJE BT LA Bl A 2 4% v BHL A 38 K, R GE X SSCI /Y
PO VE o

4 SSCI D&l 3k B

4.1 RHIE

At DFIG 4 il 56 w2 40 il SSCI fe & U5 vl A7
(4, AR SCHR T — e 55 7 D00 3 48 ob B R
B K] BELE £ il 2% (H-SSDC) LA il SSCI #J5 1% ,
V277 1% A T - 4 i 25 00 A T TG T A0 4 41 A 4y
53 S BCE A DB e #= il #% (P-SSDC) A1 JC Ty B Je 45 il
#F(Q-SSDC) , 3 12 [A] B X6 A5 2y 2y 28 i T 2 5y 23 1) 3
ASVEAER B DFIG BT #2431k 0 B A RH S | 3F 1 1
FHM I SSCI 1 H Y, BHin H-SSDC J& %% 1M e it #
EHIAER A 14 iR

B 14 BLE H-SSDC J& DFIG By ¥ F M35 i7 25 4% HIAE B

Fig.14 Block diagram of DFIG rotor side
converter control with H-SSDC

THRVARHLICTS KRG RG], 2 51044 P-SSDC.
Q-SSDC X T4 = & 4t fi B JE i BB ARSI |, B 6%



% 128

BB 4 UL LA Y 2555 5 LIS 5 15 40 ®

JEA T BELJE 45 PR B s AR

K15 MHALEH RAGEWEL R ER U, .U,
SRR 1 2 LR 8 N U, U, Z I P A £ 22,
W A AL A RGEA DR TC T YR 5 5108

Pa=U12 Gins (19)
X1

Ozl cos5- Ui (20)
X1 X1

¢ Uizs U, 2.0°

oo Nl ROV

l N7 Pl (=)
Gl JQ(;1

B 15 BIESKEGELE
Fig.15 Schematic diagram of single-machine
infinite-bus system

KL G R B 2 LR B AL D) R P, 18
T WTERR ZERGE T G Missh I e N .

dw,

d—azws—l
det
Horp H R G AR RN 5, D W BHJE REG 0, N
G WYE TR B, X (21) R/ sh &=,
G H/NEsh TR R

2Hp*AS+DpAS+AP;=0 (22)
Hp AP, GBI (A P-SSDC W),
g P-SSDC X511 G AT EA APy K/NMAS
BEZE R IRE U, U, REFARAS % AP 5 G
38 Aw, BLIE WA

APy=—k,pAS=—-k,Aw, (23)
Forb g, A DIBHE R R A, B RGA DR
CIEEN

=P,-P;-D(w.~1)
(21)

AP+ AP, = Uil2c0s 80 s (24)

X

2 (24) 1T AP, ARAR (22) T4
ZHGp2A8+(D+k,))pA6+MA5:O (25)

X1

B0 (25) AT A1, Y &, >0 B REEBEJE REGE N,
RGP e AR B 0 |

T 43 BT B I Q-SSDC B3 & G BH e i R B
Xt L H) B Ge T T s o A B oY A sh AR i
ARGl i — LI R G 1 )e

R IR Q-SSDC AN G G HL R i Y
Ak AR A RS S AU, 43R (19) | (20) SR/

i,

APG1=MCOS 8o AS + isin 8yAU, (26)
X1 X
AQu=-Unl: g 5 As— 2Un=Uacos 8y pgy _
X1 X
AQy+AQy (27)

LTS T 2 #5, Ho AQ, Ik T3 £
& W Z , AQy BUR T HE U, k3, i 0-SSDC 51
TS B AQey BN AQy, HA

AQGA:AQ\/:—k()pAS (28)
LRk, W T DI BILIE # b R 8
= (27).(28) AT 15 .
AU=———%ko s (29)

2 U]o— UzCOS 8()
P09 A (26) ., (22) AT fIA Q-SSDC J&
G B/NEshT I T .

koU,sin &
2 Dy 20X2>1 Y0
2H:.p*Ad+ ( + 2U - Uycos 8, )pA5+

Unls 58,0820  (30)

X1

H1 2 (30) AT AT, 2 k>0 B, R G0 R B JE R B0
o, T A F G0 A BELJE 4 R A B el BRI, Q-SSDC
VR T LA T Dy AL e A AR A T
WU T RGN DD IR A R Gk
15,

Q-SSDC Al P-SSDC Z5tg #H1A] , an &l 16 Fiow , LA
P-SSDC J B A 455 A M55 Y425 3081 RS AH AT LA
KIRBGEAAT, H A5 50 DFIG #5382 Aw, BAH
HAT R n ABAHREC(1+pT,)/ (1 +pT,) HEEHY
T2, B 25 P11 6T BELJE 45 4 00 B R AT 0 3L
KNG R G THA

Aaply |, JA+pTy | | 1+pTy
1+pTy»

o AFEHIT
16 P-SSDC &3 E
Fig.16 Structures of P-SSDC

42 BSHEEE

H-SSDC H) 85 AHER T LA K 36 35 31795 i S 800 7
M LRG0 DG X RS AR A1 R 25 381 S RO
() 454 . N DFIG % FIFE o & R B AH)E D=
Re(AT./Aw) Fic K . H-SSDC % AH IR 15 FN3 £ 2117 3%
ELBT

a. HET AT 2R G0 1 LR AR

b. >R FH I3 45 4 1% 43 3 D it A 2 A ) A T 3
AT, DL K To U i 3075 2] AT, BIAE A 22, 43 5e 7k
6, 1 6,

c. H1=0(31) 4015 P-SSDC Al Q-SSDC 1) #
AT ST, T, Fl n,

a=(1-sin0)/(1+sin 6)

T'=1/(wo,\Va ) (31)
T2:GT1

Hoh o, PR 28I 0 R T EAME I Tl
W 0=0,/n(5 0,/n) ,n ABEAHFRGTAE T, T, H4b
[EE ke



® ® 0 8 & iR B

£35%

d. JET ARG SRR SR R B e 0 B0V o 1
i Gp Fl G, [ FERE 30 ] 2 Fh 40 30 i 5| & /9 SSCIL,

FIE LA P-SSDC S 8508 2 R ), A 2 AR B e
TR AR A R BRI AT e R e R e
% KA (f.=41 Hz) ,AT./ Aew WY FAE S 1320, R 1T 3
AR A AME IR BRI M 440, X (31)1F
R AR IR B[R] H 4K 7,=0.01,7,=0.001 8, f)m , Fl
FH B 3l 7 B ol e - M 6 O B R IS 25 Go=1,
43 WIE

M EGE H-SSDC #l il SSCI A &5tk |, il A ¢
HENT ) Z A IR S R AR DFIG I A AL R 17 i =
RHEJE THRRI B 35 B, SCRK[ 12145 1 T 1A D) TR
AN FI AT S P-SSDC il SSCI 1 77k |, I &
TS0 B AT T M, L FE B UE H-SSDC
AR B 5 Bl i P-SSDC #E 4T X b | R H
HL SRR R T 5 R S50 B 2 i X B S5O A T
R A PR
431 wAMEHE

W B ANE R 30 %, 53 BT P-SSDC  H-
SSDC J& , DFIG Jf W R Gk [F 245 %~ iy < fH e
wiE 17 i, BEIHEE5 R £ H-SSDC I FHEA
I FTC Ty A0 P45 ) 2055 2 B BEL e #2351 A0 IE
RELJE EE BRI P-SSDC T 51 AR K

0 10 20 30 40 50
f/Hz
— H-SSDC, - P-SSDC

17 Mihn p-SSDC 5 H-SSDC RS FEE R #
Fig.17 Electrical damping coefficient of system
with P-SSDC or H-SSDC

B Ay A
itk — 2 B HAIE H-SSDC WA %0t fEAR R 45 T
PEATHE I B BB R ANE N 30%,0.1 s A AR
A, B 18 AJCHHmBH e £l #F 5 A P-SSDC H-
SSDC J&7 DFIG it D 2248 A0 A% O (A G5 35 2k A
ZAH), HOTEEEA T A BAMA 5 T SSCI,
HRY 2 8 & W g e B im p-SSDC Fi1 H-SSDC

4.3.2

3r TG B BELJE 4 il 2%

) |
2o

or - H-SSDC e

0 O.Il OI.2 OI.3 OI.4 OI.S 0‘.6
t/s
(a) A Y1224 5 M Zex Lo

1.5 T B BELJ 45 1
1.0

0.5

0 |
-0.5
-1.0

Jo )

R A P-SSDC

0 Ojl oiz o'.3 0'.4 ol.s OI.6
t/s
(b) Ty 4R 5 1l Lkt L

18 MU SSDC HI/E DFIG %ith Th %
Fig.18 Output power of DFIG with and without SSDC

FE T I SSCT BYRLR: s H-SSDC Y #1124 SR 2 kb
P-SSDC i VE RO B AR X 5 A B e it &
gEIRYIA

5 4it

AT PSCAD/EMTDC 15 HAF S 3 T 2%
JESE R i A% DFIG J ALY | 55 0F T S5 R0 78 19 1
e | 8 78 T HOR X T I SC AR AL LR T
omi, FET R REE T T KGR e i 4
PIZS % 26 % £ #b B2 R 28 1% f1 BE X DFIG BH JE 45 1
OB s o T2 s B 0 1 V4 N 2 1 e
PI 250 P38 25 B 35 KRR 0 Bsf [R]85 B0A0 /)N | B &R
JEE A3 II LA B 4 i H BHL /N1 25 B DFIG FLU R
FHJE 34K SSCI & E ML , 38 PT 405 SSCI 5%
AR, BTt T —Fppdl SSCI E H-SSDC, FF 44
TR SRR E I, H A TR A Bl
AR ER M H-SSDC 7] A 2L il SSCI, 7 H-5 8
A BRI NN P-SSDC B0 65 i AH be | 350 B 2

SEH .

[1] &R 2014 4 F RCE JF & T ZHORIC S ()], KA ,2015(3)
34-36.

[2] BRI R, X &R+ 1% [EB/OLL.  (2007-08-31)[2013-
12-10]. http: //Www.cwea.org.cn/.

[3] e AR I A A 2 G2, AT A AR R 1) e i AL )
[EB/OL]. (2007-08-31)[2013-12-107. http: / www.cwea.org.cn/.

(4] BT 5B, mAE F W RGORE LR L A Jr ik
(M. bt HUBK Tolk th Bt 2014:20-31.

[5] BEOPAS , — K JL4ot. B REREILIRG L 57k
(M. st Bl Rk 2009 :35-46.

(6] fLLME R oh k5%, ShAm I R MBI 509 (M), dt
IR R, 2002:105-116.

(7] 5R&1 W7, AR IR R JC IR 5 A7 PR R A 5 R 37 B Je 2 8

X AT, B A S ik A, 2014,34(6) . 77-82.

ZHANG Jian,XIAO Xiangning, GAO Benfeng. Comparative ana-

lysis between parallel-type passive and active sub-synchronous

oscillation damping devices[]J]. Electric Power Automation Equip-

ment,2014,34(6) .77-82.

AT T B, TE R A PR U ) 2B Bk B LR A ()],

HLUT R 241 ,2011,26(4) : 168-174.

LI Wei,XIAO Xiangning,ZHAO Yang. Mechanism analysis of

static var source depressing subsynchronous oscillations[J]. Tran-

sactions of China Electrotechnical Society,2011,26(4):168-174.

—
o0
[}



%128 A% G R L2 W I 2 4 5 LU R 5 9 ®

[9] Bk FLACK 1 AR, A RHURE X FL AR 36 Hh 9 Y TR] 25 41k 355 7

()] BRE SRS 2012,27(1) :10-15.
BI Tianshu,KONG Yongle,XIAO Shiwu,et al. Review of sub-
synchronous oscillation with large-scale wind power transmission
[J]. Journal of Electric Power Science and Technology,2012,27
(1):10-15.

[10] GROSS L C. Sub-synchronous grid conditions:new event,new
problem and new solutions[C]//37th Annual Western Protec-
tive Relay Conference. Spokane,Washington,USA: [s.n.],2010:
1-10.

[11] SRARME L A00, BRERHE %5, & DFIG MAHLAY oL 1 R 58 IR 4

AR BT BLL R 45 ) 4R B (T, W1 A B A, 2014,34(6) -
36-43.
ZHANG Songbin,JIANG Quanyuan,CHEN Yuehui,et al. De-
sign of additional SSR damping controller for power system
with DFIG wind turbine[J]. Electric Power Automation Equip-
ment,2014,34(6) :36-43.

[12] IRWIN G D,JINDAL A K,ISSACS A L. Sub-synchronous con-
trol interactions between type 3 wind turbines and series com-
pensated AC transmission lines[C]//2011 IEEE Power and Energy
Society General Meeting,IEEE PES. San Diego,USA:IEEE,
2011:1-6.

[13] WONG W,DANIEL J. ABB presentation on CREZ Reactive
study-ERCOT RPG Meeting[R]. [S.l.]:ABB Inc,2010.
[14] KIDD D,HASSINK P. Transmission operator perspective of sub-

synchronous interaction[C] // Transmission and Distribution Con-
ference and Exposition (T&D). Washington DC,USA: [s.n.],
2012:1-3.
[15] JOHN A,CATHEY C,HUANG S. ERCOT experience with sub-
synchronous control interaction and proposed remediation[C ] //
Transmission and Distribution Conference and Exposition (T&D).
Washington DC,USA:[s.n.],2012.:77-87.
SURIYAARACHCHI D H R,ANNAKKAGE U D,KARAWITA

C,et al. A procedure to study sub-synchronous interactions in

[16

[l

wind integrated power systems[J]. IEEE Transactions on Power
Systems,2013,28(1):377-384.

TR 5 A R AR R 003 T PR e A B i S LS B[] ], P
AL LA =R ,2000,20(6) ; 1-4.

XU Zheng. The complex torque coefficient approach’s applica-

[17

[

bility analysis and its realization by time domain simulation
[J]. Proceedings of the CSEE,2000,20(6):1-4.

SR AR R T A LR A IR 25 4R 3 1 B R S
[J]. P EEHL TR, 2003,23(10) :6-10.

ZHOU Changchun,XU Zheng. Damping analysis of subsyn-

—
—_
o]

[l

chronous oscillation caused by HVDC[J]. Proceedings of the
CSEE,2003,23(10) :6-10.
[19] SLOOTWEG J G,KLING W L. Aggregated modelling of wind
parks in power system dynamics simulations[C] /IEEE Bologna
Power Tech Conference. Bologna,ltaly: [s.n.],2003:1-6.
OSTADI A,YAZDANI A,VARMA R K. Modeling and stability

analysis of a DFIG-based wind-power generator interfaced with

[20

[t}

a series-compensated line[]J]. IEEE Transactions on Power De-
livery,2009,24(3) :1504-1514.

[21] VLADISLAV A. MUJy % JHION R Al [M ], XUTE | F A
B dbat, o E T RS 2009:67-79.

[22] FB#E 700, LT3 AF . 3 T2 0 SUBL LY VSC-HVDC KR
BAR G B R BT ()] P B AL T R 2 4, 2007,27(31)

[24

[

—
5]
W

[}

[26]

[27

[}

[28

[}

33-39.

ZHENG Chao,TANG Yong,MA Shiying,et al. Subsynchronous
oscillation damping characteristic analysis for VSC-HVDC based
on its equivalent simulation model[J]. Proceedings of the CSEE,
2007,27(31):33-39.

SREN T AR B A U R ) Kk L BIL Y IR TR A A oA
TEIPLER SR PERF S (1], A T4 AR %412 ,2013,28 (12) : 142-
149,159.

ZHANG Jian,XIAO Xiangning, GAO Benfeng,et al. Mechanism
and characteristic study on sub-synchronous control interaction
of a DFIG-based wind-power generator[]J]. Transactions of China
Electrotechnical Society,2013,28(12):142-149,159.

A aReEAR AR RO AU 26 M AR G BRI TR A IR 5 ) e
LR ()] AR TR ,2015,10(7) :1-10.

GAO Benfeng,ZHANG Xuewei,LI Ren. Studies of sub-synchro-
nous oscillation in system with large-scale wind power trans-
mission[J]. Jounal of Electrical Engineering,2015,10(7):1-10.
E P, U SRHIE AE 3 RUE L ZE 00 B 4 1 i XU
YR IR PR35 0 05k (7], B4 AR [2013,37(9) :2580-2584.
WANG Bo,LU Jiping, GONG Jianyuan,et al. A method to
suppress sub-synchronous oscillation of wind farm composed of
doubly fed induction generators with additional rotor side
control[J ]. Power System Technology,2013,37(9):2580-2584.
R AR IR R B AR R TR B IR 5 1 22 T
VBB e AR )], ) A S ki ,2014,34(3) :89-93.
ZHAO Rui,LI Xingyuan,LIU Tianqi,et al. Design of multi-
channel DC supplementary damping controller for sub-syn-
chronous and low-frequency oscillation suppression[]J]. Electric
Power Automation Equipment,2014,34(3).:89-93.

ORI A B IR AR, T IBBO R T 5 A A R
ARGAN I PRI )], ) A Bk 2014,34(6) :107-113.
DONG Feifei,LIU Dichen,LIAO Qingfen,et al. Application of
IBBO-based atomic decomposition algorithm in subsynchronous
oscillation suppression[]J]. Electric Power Automation Equipment,
2014,34(6):107-113.

AR BRRRR BORE AR . RUs: XU 37 BELJE AR e IR TR 4B R 1 T
DU ARG (). 1 A S ki 4 ,2014,34(12):19-25.
LI Hui,CHEN Yaojun,ZHAO Bin,et al. Reactive power control
of sub-synchronous oscillation damping system for DFIG-based
wind farms[J]. Electric Power Automation Equipment,2014,34
(12):19-25.

A X AR A XU BILZH 1 U R) B 4 1 AR AR T O
LR []]. B LH AR, 2015,30(16) : 154-161.

GAO Benfeng,LIU Jin,LI Ren,et al. Studies of sub-syn-
chronous control interaction in wind turbine generators [J].
Transactions of China Electrotechnical Society,2015,30 (16):
154-161.

EZE T,

A (1981 —), B, b A IR A
+ R FAAEGEL AR bRl A ARG R
Bl 4 ¥ % (E-mail ; gaobenfeng@126.com ) ;

F A (1990—), B, #H A A A+
B R F AR FRER TR,



20} R R 835 %

Damping characteristics and countermeasure of DFIG sub-synchronous oscillation

GAO Benfeng',LI Ren',YANG Daye?,SONG Ruihua’,ZHAO Shugiang',LIU Jin?,ZHANG Xuewei'
(1. State Key Laboratory of Alternate Electrical Power System With Renewable Energy Sources,

North China Electric Power University ,Baoding 071003 ,China;2. China Electric Power Research Institute,
Beijing 100192, China;3. Beijing Economic and Technological Research Institute of
State Grid, Beijing 102209, China)

Abstract: SSCI(Sub-Synchronous Control Interaction),a new type of sub-synchronous oscillation,may induced
by the interaction between the rotor side converter and the compensating capacitor of DFIG (Doubly-Fed
Induction Generator) when large-scale wind power is transferred through the transmission lines with fixed
series compensation. The working principle of DFIG converter and its output characteristics are analyzed
and its equivalent simulation model based on the controlled voltage source at AC side and the controlled
current source at DC side is built,which avoids the impact of high-order harmonics of switching devices
on the calculative results of DFIG electrical damping to enhance the simulation efficiency. Based on the
equivalent model,the complex torque coefficient method is adopted in time-domain to calculate the
electrical damping characteristics of DFIG within the range of sub-synchronous frequency for analyzing the
impacts of wind-speed,converter Pl parameters,compensation-degree and transmission line resistance on the
electrical damping characteristics. The analytical results show that,the negative electrical damping of DFIG
increases along with the wind-speed decrease,inner-loop gain increase,integral time-constant decrease,
compensation-degree increase and transmission line resistance decrease;the impact of outer-loop PI
parameters on the damping characteristics of DFIG is not large. An additional H-SSDC (Hybrid Sub-
Synchronous Damping Controller) in the rotor side converter of DFIG is proposed to restrain SSCI and its
effectiveness is verified by the simulative results.

Key words: doubly-fed induction generator; sub-synchronous control interaction; models; complex torque
coefficient method; hybrid sub-synchronous damping controller; wind power; damping
S S S S R

(L#% 10 W continued from page 10)

Analysis and prospect of LVRT improvement based on energy storage
technology for wind turbine generator system
YANG Di',CHENG Haozhong' ,MA Zifeng’,FANG Sidun',XU Guodong',
GUAN Shengchao',SUN Quancai'
(1. Key Laboratory of Control of Power Transmission and Conversion of Ministry of Education,
Shanghai Jiao Tong University,Shanghai 200240, China;2. School of Chemical Engineering,
Shanghai Jiao Tong University ,Shanghai 200240, China)

Abstract: Among the common technologies for improving the LVRT (Low Voltage Ride Through) ability,the
control strategy method is complex and unreliable,while the Crowbar circuit method suffers for the difficult
resistance selection,control failure and impossible reactive-power support. The LVRT technology standards at
home and abroad are summarized and the current research status of main LVRT technologies is analyzed.
The characteristics of energy storage technology,as well as its topology and features in the applications of
LVRT technology,are discussed. The development trend of LVRT technology based on energy storage
technology is analyzed and prospected.

Key words: LVRT; energy storage; wind power; super capacitor; flywheel; superconductive magnetic

energy storage; electric batteries; control



