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Fig.1 Doubly-fed wind power grid-connected system

with different compensation forms
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wind power system and parallel compensation grid



& L/ AR {7 G-

%4045

1 kHz SR S ARG AbHA 22358 T 180°, ZEAL M BT
W2 EAERR  FE2 05 i 2 & A AR o

FF IR M2 H 25 A e A AR A 23 52 ) XAt XL R
I 25 G0 11 i 00 PR AR, &1 4 Sk 2R FHAS [R) - B
A L S ZEAE I AU KL I ) R GEBHATE Bode &, I
W 2R S8 I R R 7 i R BB & A m e . Hh B
ATHL, BELPT 8 A5 R 2 B 22 A8 s, 4 P 7E 100 Hz Bt
AT, PR S8R A I 7 53 1) R 900 —45° AN B i
PR % A 25 A 5 A 32 A (52 A58 5%6 43 331 %) i 1
000.1350.1830 Hz) P4 £ 4t i AH A2 Wi 1. 53 531 24 90°
5 -90°, & K m A AR, ELRE 2 AME A A
BRI RATRI /N

1350 Hz 1830 Hz

{H /dB

=2
]

i

AL /(%)
(=]

-90

I

|

|

|

|

|

l .
10! 10? 10° 10*

WA / Hz
— BURAHLRSE, HMZ HLAE A 30 Wk L I
oo AME LN 20 R SR, AMEE LA 10 W Y HL R
4 NBRRERGESAREMEEEEME A Bode B
Fig.4 Bode diagram of impedance for doubly-fed

wind power system and grids with

different compensation capacities
3 XIRXUER F W F 5t i S iR )

DGR L BT R AR IR R N, 728 Ui A S
RN BELJE AR 5 AT LIRS R 2R T L
AU KU I 9 28 G2 e SRR PR A0 i) oo XU KU R
G5 I R R I 52 B ] R A s S AR IR, I
RGBS fe A, T LR XU 72 37T A% F U 9 PR X
TEIRATR I A PR BT, 6 B AT E 9 i ik
WS IR AP AR
3.1 GSC B BE e 4% i 3% g

GSC LI A B 25 M) AL 6 PTAASHI PR 97 A2 0
AL PR RSP, A S A HE AN 5] 5 i
ZEHE LASNES 23 B (LA g Bl R 9], d 26 00) , JET R T

ki | —

lggret ¥ kgv‘*‘% &— - [
e o ol :
ey e

E5 GSCERMIMEFISEHE
Fig.5 Structure diagram of GSC current

inner loop control

SR I A A R S ()

WA o0 BEL 42 o F1 D A e X R 3 S A 5 11
VLS L I 1 WATE =R 2 RTINS - A B
P M BRI RIS S AT UE B A
&1 5 JE 2 AE T 7 S i A B4 B o BELJE 2 10 284, & v
Gy () R B I BELJE AT 55 (%4 388 08 i #5 1  , HAL 32
PRI (14) 7

kslw,

Con ()= 5 2ol + 1 (14)

Horb kA BRI AR ORI 25, k=2 ;¢ S FHE
Fo L HUE =0.707 50, 0 UE D 25 8O EAUR BT 80U XL
HL O R 48 & A= 1 kHz sy U IR I, 76 dg e bR R T
Xt R T AT R 950 Ha, N I E @, =950 Haz.

R B i B & 42 ] SR, e 42 il 2R ¢ v i e
WYL PR G (s) BEHL GSC HL I 1 AR % 43 i I A=
HEBH e HL AR

Augd = Gst)(s)igd

{Aug,, =Gy, (s)i
ARG S 5 IS % RS N
{vgdm =Ly — 10) G, (5) t @ L, + U, — Augd

Uggret = _(igqre[ - igq)Gg (s)- wstigd - Augq

(15)

&

(16)

ek I B9 GSC B BHATAES Y AT R R -
Zse =6, (s—jw)-jo L -Gy (s—jo,)  (17)

p =X C17) Ay 0, i A BRI BELJE 4 il A5 24 F
GSC 3 BRI — A BB Z o = =Gy (s —jo.), LA
S PRBH AT E I, LA AR B s e B A5 (a) BT
3.2 MSC Bt fin PR e 4= &l 5% &

MSC R H 5 GSC 2R FHmBA e =6l . i Ti%
F LIRS AR, PRI FE MSC A BRI BELJE 42 il 3%
W P 38 I A SR P A G, (s) FRBUE FHL i A 2
) v AV A 5 O A BUBHLJE B AR 5 Awy, A, BH
N A R E S W B
Aur{l =Gy, (5) Iy
Au,, =Gy (s)i,

MABLRIE S EEHRIEE SN

(18)

L
Vet =l = 1)G, () Yo | ——U. oL, |- Au,
ivet = (Lgeer = 1,0) G (5) "(ak L ,) ! (19)

Vypret = (Lypes = 1y) G ()t @ L)L, — A,

2% 1 BRI B, OR B BELJE 15 4 s
MSC [ BHBTAL T AT 7R h -

i (NS)Z Culs=j0)~jo.oL N, Gy (s=jo)

!

MsC T

N,

1=K (20) K0, AR IBELE 42 il AH 24 T-1E MSC 32
%EF‘ %‘E%Q/I\Ej:y\lzﬂjﬁ(z;m){ =N.Gy, (S_ja)s)/(NrSslip)’
DA B BHL 0 5 00, LA A0 H 5 L An B i L AS (b)

(20)

Slip v Sslip



FEoH XA 45 - U U I 90 2R 490 e A0 T I AL S 00 ol o4 s li67)
s 200 -
100

T ACBAE fin BELJE 4 i I i B XL R 48 MSC
GSCHE I A s an &l 6 Jr 7
3.3 BRONB AN RE R 3R B R S PR A

FRAE LA L4347 AT A5 A BRI L2 42 1l 5 GSC 2
% MSC-DFIG 32 fif L B U K L R e BBt ek X4
A

Zg:Z()S(j+SLf' (21)

Z,=R +sL, +(sLl,+R +Z}.)//sL,  (22)
N . 1.7,

ZDFI(}:Zg //Zﬂz —— (23)

Z.+7Z,

TE GSC 5 MSC 5| AMHMBHJE ¥ f5 , WUz KL
I/ Z G5 BT Bode A0 E 7 FT7s .

XTHCE 7 5B 3 LLE Y IRATE 1 kHz b A
TR AT IR 1 2R 5, 3 3 7 8 T 25 45 1 SR s v i ACBH
JEFRT, B XUHE 2R G0 4 5 0 1o T 4R 7E 1 kHz A2k 1Y
FHAE AR SRy 75, 5 I R AME HL I A% AR 67 25 TC 5 38 2]
180°, B TG F 4R & 2B 1 250, i A Rl 1
B

4 EHI5H

K PSCAD #5231 & 1 Fr7m i 3T B A M2 H [
XU KU EE I 9 25 G2 1 0 B IRY | X6 T 2 14 RS Jn BEL e
MG IEATIGUE . FL S ECNE SR & AL R, B
BIL I 75 S BN B S b 28 A2 iz o AU XUAL
TAETE AN DR N ECIRAS T , XGE R 10.5 m /s, 3817
FER R RIRERIX o 25 8 RAELERS 7.=0.0003 s, {J
HRK NS s, FELK R0 wso [ HE G K 5
il 5 A i A Ui X R I R 2R 5 A A PR
it 405 BT P 8 — 10 Ff s .

P&l 8 Sk 7 1 B fim BELJe 42 il 1 s 722 Uik #% A F it
HilE S B O (LA GSC ) g BEL A0 . W LA

gL / dB

AABL /(%)

Wi / Hz
— WS RHLRSGE, A HLE N 30 W L

7 NP AnBEfE fE B R G FE R Bode

Fig.7 Bode diagram of system impedance after

adding additional damping

dR
< 0
24
= 1
o7
g 1.0
T, R
_0_6 L 1 ]
4.10 4.25 4.40 4.55

t/s
SPRME, — 2%
B8 f&gezl S mpE RS T GSCH
q MR R ERE R
Fig.8 GSC g-axis current reference value and
actual value under traditional control and

additional damping control

HE U XU FEL T I 2R 495 2 PR A i o 728 I A
o IR RIS, TEX S H E A TIE R, 2
7L g 1) P DR i S ) DR A 5 >R BRI
BEJE I , A2 i A 2 1l 45 515 2 B Bl

K9 (a) 7 1 3 R4 1 BT PCC A i Y HRL 37
AIE o T UAL GE R f il T, XU XU HL R S LA
5 IR M R B BT 22 LA T A S IR , DFIG

iva 6L}, Ly,
+ ;r/ s
Vedret == <+— ig"‘d
o 1 A NG
FHE dq / ap—-{SVPWM| [SVPWM|~—dq /ap ¢ M2
i Au,
ol 1, . | o B
k3 T [¢3 e bt
MSC GSC
sLiiyy
PCC
‘:Iilp ()i
GTD ng L, R,

BEl6 IR IXUA I M % St Bt in BEF2 2 i 3R Bk
Fig.6  Additional damping control strategy for doubly-fed wind power grid-connected system



1o L/ AR {7 G-

%4045

0.15
0 L
< B
M %
S Bl
2 O A~ ~
- SO R
0Fr //‘" ' / \ )
~0.15 £ )
2.365 2.375 2.385 2.395
t/s
(a) GG EER SHHMBRJEFE 6 R E T a AR
0.08
TR
< 0.04 +
i
~
Z 0 o
= 0.08
= iR
e 0.04 +
0 I ks 1 L L I
5 100 15 20 25 30 35
Etl2/e

(b) ARGEREil 5 MBS PR 5 1 a A AL RIS I AT

B9 o=l SHmE R =S T PCC AbHH R
Fig.9 Output currents at PCC under traditional control
and additional damping control

6.0 r
PRI

z 25f
z ~
< —10|
= 760
= PN
R kil
& 25

~1.0

0 1 2 3 4 5 6

t/s
B 10 f&EgiEsl SHmERES T PCC A HA IR
Fig.10 Active power output at PCC under traditional

control and additional damping control

JE -t FL A TP AL RS 20 YR o3, LU
LB S 5 AR A5 5 15, & FaLAE ¥4t HL i
TR P e B A AT, 6T BT 9 (b)) JIT 7 1) 3 BB AR
20 YO I Y IR A R 8.7x107° kA FEfILE 8.1x107 kA,
IR U TR i )42 ) A E A 2533 i) U3 XU I 19 %
GE 0 TR o

10 2% 134 4 il 5 J PCC AR i 145 2
A, AT LA 2 XU KU T ) 2R 48 A i AR
I, DFIG i A D 2y 5 10 S I 5 3 5 i AR i BEL
JEFERG , A D S R PR R T R
B

5 it

AR S e S S U AR I I 2R G Y BT AR Y
RIS 3 7 5 28 PR T WU XU R I I 3 478 e At i I

ALEEL, FFBEXT o 0 I 300 1] 412 H 2 T O a4 o (B
JMBEJE 42, B T PSCAD {5 ELYGUE 1 T S 44 ] S ms
AR IERA PR R R A 2 LT B Z5I8

(1) BUE: KU - 190 28 2 14 i A0 3R S T XA
JXCEEL 2R G BHLATE 55 1AM o A I BH T 52 A ™ A
4, ELFR R IR AN S PRI . 7
HE— BT WU X R 28 G A A ] 1 S 90° (£ HRL JRK
P, IR F AR A3 M R A —90° (5 R A9 ), B
PIRGEANL 22385 180° I, 257 A g A IR LA

(2) 42 H 5 T R ELJE 42 1) 20 7 ) e L 15 i 410
177 1, FREREAT R R IR 9 K 2B ol
R 918 P e AR U A HRL R R LA A R L TR AR
S B BE BT A 8 ol U5 R I 00 28 4 e A1 B AT 02 T
TR VIR B2 AR AT AR

(3) 7 £ 9 BRS Jon BELJE 42 i A AL SE R I A 52
P Fi BELAN ], A2 o v BELRE 7 A A FE , 32 5% 2
R T BAE TR P i R A AR A AR IR IR N A A3
AN 22 R IEH G OUR B9 38 A7 R R A A L 2 R AR

AN
P s LA M 25 3% (http : / www.epae.cn)
S E X HK:

[ 1] B, T, P08, 4 BT VSC AU KU 23 SR I
AR A A 0 S5 9288 [ ). W [ 34k BE 4%, 2019,39
(10):71-79.
LIAO Kunyu,XIAO Xiangning, LUO Chao,et al. Effect analysis
and experiment of broadband sub-synchronous resonance sup-
pression of DFIG-based wind farm groups based on VSC[J].
Electric Power Automation Equipment,2019,39(10):71-79.
TRIEL, 2 2, BUAR . L) R GEWRIA] D 4R 55 [ A 20 BT D7 i
WERLT]. HIFHAR,1999,23(6) :36-39.
XU Zheng, LUO Huiqun,ZHU Ruijin. Review on methods of
analysis for subsynchronous oscillations of power systems[]].
Power System Technology,1999,23(6):36-39.
[3 ] w2220 0l 55 . XU KU HILZR Uk ) 2641k 35 BELe AR
Limsemsy]. B A s e, 2015,35(12) :11-20.
GAO Benfeng, LI Ren, YANG Daye, et al. Damping charac-
teristics and countermeasure of DFIG sub-synchronous oscillation
[J]. Electric Power Automation Equipment,2015,35(12):11-20.
[ 4] U, 00, 50,45 . KA KT D R ALHE R 5
RS ()], ) RS A 1K, 2014,38(22) : 11-16.
QIN Shiyao, LI Shaolin, WANG Ruiming,et al. Resonance and

suppression strategy of large-capacity permanent magnet syn-

[2

[a—

chronous generator wind turbine system[J]. Automation of Elec-
tric Power Systems,2014,38(22):11-16.

[ 5] Fu2, Wik, 800, 45 . 3k THUBIE S A 9 _EIXUR 73 Dl
PRB5EI]. HFEAR ,2016,40(8):2510-2517.
RONG Jun,HU Haitao,SHAO Yang,et al. Harmonic resonance
assessment for offshore wind farm based on sensitivity analy-
sis[J]. Power System Technology,2016,40(8):2510-2517.

[ 6] Bopems ik, 2= A, 5 e b W 45 # 11t XU 37 AR F
FEl)]. ARG HHEH],2016,44(22) 1 1-11.
DUAN Gengyong, FENG Lin, LI Guojie. Research on resonance
of offshore wind farm considering electricity collection system

[J]. Power System Protection and Control,2016,44(22):1-11.



£ 9H RHE , 25 S5 ACFL I 100 28 278 pei AR AT R 10 it S it &

[ 71 B, 4k . IXUCHTHR 2 0 A8 T b v R SRR 40 # [0 . [13] VIETO I, SUN J. Damping of sub-synchronous resonance
i A sk 4% ,2019,39(2) : 50-57, 64. involving type-II wind turbines[C]J//Control and Modeling for
CHEN Chang, YANG Honggeng. Harmonic resonance analysis Power Electronics. Vancouver, BC,Canada:IEEE,2015:1-8.
for wind-thermal-bundled half-wavelength AC transmission sys- [14] SONG Y, WANG X, BLAABJERG F. Impedance-based high-
tem[J]. Electric Power Automation Equipment,2019,39(2): frequency resonance analysis of DFIG system in weak grids
50-57,64. [J]. IEEE Transactions on Power Electronics,2017,32(5):

[ 8] JrWl i, ke, 45 = AIDGAR I 02 e v 190 i BT R 3536-3548.
7L s B 3%, 2018,38(2) : 109-116. [15] SONG W,JIAO S,LI Y W,et al. High-frequency harmonic
FANG Gang, YANG Yong, LU Jinjun, et al. Resonance sup- resonance suppression in high-speed railway through single-
pression method of high impedance power grid for three- phase traction converter with LCL filter[J]. IEEE Tran-
phase photovoltaic grid-connected inverters| J]. Electric Power sactions on Transportation Electrification, 2016,2(3) :347-356.
Automation Equipment,2018,38(2):109-116. [16] SUN J. Impedance-based stability criterion for grid-connected

[ 9] WIE,BXSRFE, B aGME, 55 . AR I N300 A8 48 ) BEL BT 998 55k inverters| J|. IEEE Transactions on Power Electronics,2011,26

WA ], T E AL TARAH, 2014,34(27) :4547-4558. (11):3075-3078.
ZENG Zheng,ZHAO Rongxiang, LU Zhipeng, et al. Impedance [17] SONG Y,BLAABJERG F,WANG X. Analysis and compa-
reshaping of grid-tied inverters to damp the series and parallel rison of high frequency resonance in small and large scale
harmonic resonances of photovoltaic systems [J]. Proceedings DFIG system[C]//2016 IEEE Energy Conversion Congress and
of the CSEE,2014,34(27):4547-4558. Exposition(ECCE ). Milwaukee, USA:IEEE,2016:18-22.

[10] Hoj=, AR, k2 . ST A E A 1Y R B SEAR HE s 1 I [18] YUN W L. Control and resonance damping of voltage-source
dIsEms 1], ol A shikik45,2016,36(8) :51-57. and current source converters with LC filters[J]. IEEE Tran-
ZHENG Chen, ZHOU Lin, ZHANG Mi. Harmonic resonance sactions on Industrial Electronics,2009,56(5):1511-1521.
suppression based on admittance reshaping for large-scale PV
plant[J]. Electric Power Automation Equipment,2016,36(8) : 1EEZBN:

S1-57. X HAE(1974—), F b RiFd A 8l

[11] B H . I 3825 S IR LB A AR 58 (D], &0 . AT

HR L, ZRMATAAFRRAELS
3 M # A (E-mail ; liugihuifei@163.com) ;
FHKR996—), %, i@ A, A
TR, ERHR T @ AR AL RS
[12] VIETO 1,SUN J. Impedance modeling of doubly-fed induc-

ot - il-de c 5
tion generators[Cj //European Conference on Power Electro- A2 ] (E mail: der325@126.com) .
nics and Applications. Geneva, Switzerland : IEEE,2015: 1-10. ) Ho A% (éﬁgﬂ ’7%&1%)

Wk, 2017.

HUANG Yashen. Research on resonance mechanism and sup-
pression of grid-connected inverter[ D ]. Hefei: Hefei Univer-
sity of Technology,2017.

High frequency resonance mechanism and suppression strategy of

doubly-fed wind power grid-connected system
LIU Qihui',DONG Churan',YU Yiming’
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China;

2. Jinan Power Supply Company,State Grid Shandong Power Grid Co.,Ltd.,Jinan 250012, China)
Abstract: The high frequency resonance as DFIG(Doubly-Fed Induction Generator) integrated into the power
grid can result in huge economic losses. To deal with this issue, firstly, the impact of both machine-side
and grid-side converters is considered. The impedance model of DFIG is established, and the impedance
model of the doubly-fed wind power grid-connected system is developed,in which the different compensation
types are considered. By plotting and analyzing the curve of impedance frequency response,the mechanism
of high-frequency resonance for the doubly-fed wind power grid-connected system is revealed. Subsequently,
the additional damping control is introduced to both machine-side and grid-side converters by impedance
reshaping,which utilizes the suppression strategy of high frequency resonance of photovoltaic inverters. Finally,
the rationality and effectiveness of the suppression strategy are verified by simulation.

Key words: doubly-fed induction generator; impedance modeling; high frequency resonance; resonance sup-

pression;electric converters
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Table Al Grid impedance parameters
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PR TLEEN SE N o] 0.01
FAN AL FL/mH 0.08
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Table A2 Generator and converter parameters

B4 HifH ZH Hifh

5T T /MW 5 GSC HLIRIA LE 51 3 5L 1.15

e WL /V 690 GSC HLR IR 53 R 4K 10000
HI%/p. u. 4 RSC FHLLER LG 1] 72 £ 0.5
€ FH/p. u. 0. 006 RSC HLFH A5 F AL 2
/. u. 0. 006 PLL Hf5) 2 %k 50
S TR /p. u. 0.10 PLL 4 Z 4K 900
TR/ u. 0.11 e K/ (m s™) 10.5
[t % Lk 0.3 H A/ uF 1700
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