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Fig.1 Global annual wind-power installed capacity
and growth speed
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Table 1 LVRT ability standard of main countries and areas

[ % B Hb X t,/ ms U,/ % t./s
1 150 0 1.5

e 140 0 1.2
TR 250 0 3.0
Eg| 625 15 3.0
JnE XK AESO 625 15 3.0
7 PE 500 20 1.0
ol 500 20 0.8

i - 250 0 0.8
A 200 0 0.7
FH# 100 0 10.0

6B Ly 1 625 15 3.0
HVE 200 0 1.0
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Fig.3 Structure of wind farm integration via
typical Crowbar circuit
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Fig.4 Structure of wind farm integration via DVR
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Fig.5 Structure of wind farm integration via SDR

LT - A A g 4 ) LA K AR SE T B8 2H ) AR IR
SAHSE TR BB R B g T A O AN
A5 LT T A v 1 AT P 5 i 21

BE Tl B RE A R R A I H R R R B T sk
B, Crowbar HL % ¥ 5K A I HL A L2 (H X
BH 26 2SR R, BN RE #1136 2 385 s DVR \UPFC.,
SDR 4 il R s 2 SR 5 vy, HL S BIR i 5% 5 v 3 LA
L BN i B TR A RE AT BR i Ah | T Al 1 A A
BORTG BRI, AR T A S a8 A |
Y A A
33 HELXHMER A

) FH 2l 25 JC Tl A 2225 ] LA S804 e XU AL
R HL R 5B HE 7, W STATCOM (STATic synchronous
COMpensator)#1 SVC(Static Var Compensator), STAT-
COM 7] 2R FH 9 v - 8 = L - #8544 SV C A HT
I 455 42 i) 2% 0 K /Iy STATCOM 8% SVC 7 22 %% T A
HL3 01 AR R TE 3y, Ak T 3 S JE I AME R R Y
I FR s 2 IR AR LA T B Sy, Y e ) H, e B 9 TS KL
F AL ZH DA F22 AT H T 82 e R TE ), I 9 I S XL
F AL ZE R A DR i TS T, ) P ) 25 T Tk e e i
Wik e e 2y LA BT 1 R BILZH 2k 45 B i ) as A7, Al
FH B2 T0 T AMEE B A v AU H AL ARG H e 5 0 52
5t e 16 3k 47 1) O 09 s e T T A XU AL B S A
SE M B v H TR IS B T K A2 R T AR 1 KL

L AILZE B R 3E A T,

A LLIE 3 STATCOM AN i 45 46 % XUBL Y
e VEsh R E R AL AL ] ST 2R R R I A
R A PR R 2 T ORI STATCOM
IEXT e FE R M AT R b, 2 T/ AR B XL
JEZE AR B R TVEAN | DA & 0K L S A 2,

Sl TC T A ME AR A H N B (] RE g B ik
BRI TG Ty S A5 O 1 i KRR VK 2 BB T, I Bl 1k RUER L
SR (HJE R BE O A e R R L PR AR
34 FMHERBEEAR

W& LM A AR LR, FRF R
BN ER N BTk TR ey NI S O S ) ) - S A ]
LA A, OB S R A E R ke g - XU 37 K
it A2 1 IX i 1 JRUHR 37 B R RARE & e T M IR
LTRe e N R (AN A T i s B S N LS S D o
L P A T A AT PR AR 2 N S e R A
Yl STATCOM i 17 B | W 2 KUFE ML ZH 1) JC 2
SR T I P S E R DA A 2554t v LA o 5
i, ANk B R T KR 4 A A T
FNIC T AT ST 426 . (1) 224 v 0 8/ 22 1 I
P AT LA A g o 46 0 A 4 ) XURRL 3 Th  BE
% A 0T B XU ATL 2 5 F IR (] 79 AN DG g 34
U A XL R AL 2L A 8 1) 3k 900 T 5 (2 A ) 4 A
B TC T B I S ) T T S HERE T, AR R I
SH R PR R BRI A, R L, Rt B
iy PR B A A B v XU L AL AU PR e 2 BB ) T R
Wz —,

2P LU H B R A U A M B S AT
B B Wiz 1707 P 4 STATCOM #5 i #5 58, 4 If
W A A1 g TE Ty | B KU R Ge e v i ik
B8 S5 AR P S B )| e o 1 PR e 2R B RR O 2 IR
%M I B e Rl AR R AN AT AT A R A 3 A =X A
JHL T HL AR AT DLGE S [ B ] v R R R R
I3 AT B A N R

2 2 O L ) A A v I ELAR S T
o0 AU FEL 174 22 1 A P TR I I

4 BETHBERANEBEFEREA

4.1 fEEERA

=4 LR i R R T S AR A BE A R
FENERE B SAERE BRI BB A ERES . 2
T8 RE B A (19 5 Pl s 257 g AR SR A S Sy R A
A 2 B DR 2 % O 2 9l KU R LA e 1o U A K
P 7 25 e I A i R R XL R ML 2L O o e
Je | B 190 0 A f8 g 45 ) G 2 By 23 it v 5 IO HL
FeAeE e, Rl e e KU LA K SR 5 | O i
i 4 B A [T 451 25 L R



£ 128 B W& AE R TR AR R B i KU L2 A FL T 2 R RE ) Y 43 B R B 6

4.1.1 TkiERE

RHR A BB R LB R B R A BE |, LG R AL
ENESE - IR S IE i TN R R S X B SN DS el
THA, WK 6 MR, Wit REE S S sl K
HLR GEAR A A7 SR ICRE B, S 7 & A AILABE U )
Pl R P BB, 25 7 P S LR S AR T e
A7 L RE

AR 1 AR 2
@—{AC/ACH mabl - e R }—{AC/AC}—@
— —>
P P
(a) PHLECE

EEE

[er}{amm & al{ac/ac~~)
>
P

(b) FUHLICE
6 TRFBERFARE

Fig.6 Configuration of flywheel energy storage system
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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
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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
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