ANN/N SV N

201545 H Jiangsu Electrical Engineering %344 3 25

XU KHILBE I B #1201 5 PSS #OS B4k

O F B2 L
(1.1E B B 5t A S A A A FR A W 7ET5 7 5 210032 2.7 5Ll BE fL S A sk A PR A & 7LJ5 7 5% 211100,
3L W BRI A B, LB A R 230601)

W E. S TARBA LG S S ARG A2 AR A 3R 5] Am TR 32 ) 200 T A ) R SRR3R 5 | 42 S R AL
T Ae PR AZ R R TR A M vh b Ay R G AR B (PSS)Fr A K I3k 5 09 2L R . BB T — AP AU RAURE Ao LB 4 2R 55 PSS
WA B AT B R T RBALRGRX NG IR G R X G RFEG R R F R LR TATETAHL R
W R A Z WA G AR A S AR T S RAL B e B 35 R 3R 55 PSS B9 A BB LS R A iRk as A

FWRAEAC T B T A BAF RIS R R A A TR IR 5 8 Heik 4
KR K RAL ARSI 5 5 W A [ R A2 ) PSS ; A AL 45 F BE S ik

HESES . TMT712 N ERFR ST A

Wit 25 JXL R, 3 P 5 o A FEL TR R BT 1) L 810 AS IR 4
Fh, HXF L 7 R G0 0N T PR B Rk R
—SERI AT BRI X T A AU XU 3
L ) R G0, 8 WU XL Y 35 e B A G 2 ol % T
M RGERIBLE Y BRI R 5 ) 32 B
N RGREN (PSS), RIELHMME RS
(FACTS) | H i A il 55 50 A F-Be =z W] 7] BeAA7E 7
SR | R E A 5 45 T B ) B B R s o) LA TR R S,
SCHR [7] 42 8 —FP 3T Prony 535 59 PSS 1 EL I B m
P AR UM RS AT G SCEk (8148 HKe m A TRk
A AR SRR B el R SR T Eh A ik
REEMAREAR T AR 5 PSS S8k, STk [9] X ZHL R G h
PSS il FACTS WS 8t b 4T T#F5% . B, 3
Tt XKL B i BEL JE 2 1) 2595 55 PSS #2500 18 £ 4k it
B T I AR I 2 DAL FL I T 2 o P 38 2% ) LA
BRI TFIME

SCH X XU KL BRI R JE 45 i 2R 5 PSS Z [H]
(S EMIHACE TR RIERIGY, 75Tk 7
BRSBTS, AE B AR R BRI T HLE
Hik 5 A5 SRR ML IR 5 B BEL e 5 . DL = HLR S
YEREG, X T ST 5 S 50 S B
D5 B BHLJE SR, AR T BB R AL O 2 A
Bk,

1 Ji5 XUAL B i BRL 8 42 ) BA 1 B 4F A R 38

PSS ) 3= 2 i UG o iy AR R G R A Al
ZEAR T, i R AL IS B B o o 45 54 o Dl 2 )
ML, TR AR ERHLE AR 5 R 20 e s LA ] XL
JRHIL 3 0 ot A 5 2 1) L A R LG T R T
it UKL B o BEL e 47 o) 2 4 3 o 42 ) A2 At s i 1 5 AR 4

WA B A .2014—12-28 ;14 = B 41 .2015-02—-11
EAAEFA T+ 2 EZHAE LHFEFRAB (2011BAA0IB02)

XEHS .1009-0665(2015)03-0025-05

PG A SC I BELR T3 | 217 7™ A — 4> BRI BEL 2 e 46
I RGP E R

KU KAL) 78 460 25 SR FH 7 B 5 A T ) 2K
PR AR R A& 1 Rt B LK, R K A
5t - WA 40 5 A D R 09 P I 2800, K, A K,
Ay Bt 000 725 A8 45 L VA 4 T R T 9 PT A S 80K, F
Kz 43 00 Ay Bt =0 725 48 25 6 2 4% 1 9695 1) P 45 1 =
B st et T iy e A F R d BHAT g WS HAE P T
Que W YIRFA YIRS A8 P, A Q, 533 h
FA AT DWW B ;x1,20,25, 04 HTTAR 44
HDIRAS AR & SO AE XU RATLES 0 28 46 25 04 A 3)
P [l 6 v 5 BRI BE e 2 0 2R T | iR LU
BLEE 22 %W 22 As VE RE MG S Hi th— 4> B 3 45
T NEHEE R ¢ W e, b

BRI BEJE | As
_ Uy et
P, ¢ y v*
i~y udl K,+& K.ﬁ&
P s P s
il 4h
[
N [
0 Bl %
_S idg £
OmH— : K3+&
s

(w,-w)L,

B 1 TR iEE

B a0 BELJE 42 ) 2019 ) RS A AN 18] 2 B B
Je 3 45 BT B LT R IR S S A R R ST A
iV,

Bl b K D9 38 4 5 T, 9 B 3039 6 18] 5 80 T~ T
43530 by I 5 R T S B Y I [ B 0 e R
FHE 7 REBE A 1) 1) R AR P SR | 2% T R S



26 S I N =< | R I =
dAs 1
[ ; a T AT,
I e B A N IR BN B ARV B / v
14T, 147, 147, N dAE‘d B 1 , XS_X’ ) wBLm
Vo a ——T,O AE' - T Alqs— I Avqr+
B2 MR AW AR + o B As
_AWpAL BL 40
SRR A E TR BH n] A4S B s G R R A S, dAE 1 XY X . L
L= A+ Al A, -
Ly .. dr AR A At
T=- Wi, (1)
S8 sAa)BAE'd—wBE'dOAs (4)
KA. T A KM RERE 3 L L, 3R dg AR R T dAx
L
AR T R R T, WO TR A o -4k
THRERER S "IN T RERETE 2 AR R, U5 R dAx, K AP +K. Ax — A
o JNEL oo s T e e
ML A FEL 10 % AT P 27— W g q SR Lqrﬁ'ﬂﬂj’gﬂo
s T MU oL PR AR A0 T O R 2 % a0,
!
2 2
_ L, | di, . Ly . dAx
Ud'_(L"_LSS ) de +er’h_sws(L'T_LSS i (2) d t= K AQ+ K, Ay~ Ai,
Li. di . . L. .. L. S, T, O BT A RO TR (1 A5 I B[R] B s A R
”qr=(Ln— )dq +Rqur+sa)S[(L,T——)Ldr+—g’5] U T .

ST, BT d,q BT DL T
HUIE d g BIAYREAY SIS, (0 Lk 2k 55 =0 B
SR, R A TR TR T o P o
FIFERT, TR AR GE I IR S o R B 7T 0 DR
B ELAT D B SR HE B MR | BRI 1 R i i
XUV FR LT AR b S5 B 0, 0, 45 ERT i, i HOF
FIFE

LTS R WL P R R B, MRS R
SR I T DA BE AR R 05 o A PR SR o
TE g WA o b ETVR SRS T A0 g WA R G K
AN PR AN Ao [RUAR BRI B BERE AR AT, BT 1
2 514 5 R ML M

2 ETHFEREZINSHMAMRMKL

2.1 Zgal
XU UL B o BEL @ 428 ) 25 715 55 PSS 1) 1% 36 bR 4K

A LARR L TG — X,
sT,  1+sT, 1+sT,

= Ky 3
w= Gl =R o Tt 1t )

U5 KUBIL B 0 BEL @ 42 1 285 (0 i AR 5 o B 22
FAR2E As, PSS WA BUE R 2 Aw,

XU AL ASE 5 T, R FH P 35 US| X7 AL AL
% 2843 SR B o AR OB R N, E AL R T 3
B a7 A A AR | 220 % Do) 0 25 28 114 sh 2SR, X 2 1l
AR 2% RO R AT A AL WU KL e
AR AT A0 R 7 AR R

PRA T AR T G wy AR £ fH

% 8L TR A5 & L HIL AU XUBIL 3 7 7 2l 2 ST
MZHLRGE, K U4 R G000 M 45 07 FR Ak
I AT 5 AL

Al |= we Y. Y [|AV, (%)
0 ||y, Y, Y, AV,
AT AV, LAV, AV, SR R L A R
SR HCALIGE 46 15 AR LR AR 22 S AT | AT 45000 % HLL
R SR A R 22 5 ORI F AR R &
HL AL UKL ML B 2 6 119 S 43 B 5 207 T
AT 34 A AU AL 2L R GRS SR A, FE7T L
I 4 B G RS TR RVERAE 14, R PR £ 43 7
BRI RS0/ TR s M R ATR 35
02 HhiLBIFEH
1 00 A o o L R 9 35 2 AR WL AR 3
B 7ERBR R G/ Tk i 10 [ e 3B 2R 4 0
fo Bh A5V RE = AR SRS 00 L 7E SO s A b R BRUL
FORE F777 300l AT 2, SR fb 45 SR
R | Rt SCP ML H R 5 A T L HR AR
KLY H AR RS

J=a 2, X (E-£)+B X (bmE )4y X X ()

" 0{,’5;5, - oigg@ ” éjéo 6)
StV Oy SRS S B s,y B4 5 6
AH i, A DL RSB A4, A0 £ 59 AL
e A DL 5 PR L T TR, % 4



IR AR A U XCHILRR Jn BELJE 78 1 2515 55 PSS 192 Kb 18 1k 27

Mzt Ir X4 N IRGE R BLE L ;o #1 8 233
ﬁ*ﬁf“ﬂ’]ﬂi%%l,yIEXT{JZ\'IE}TZ?J&@*%TE’J%%“}I
T, —MOBE R, LA 6 BH e I 37 A = 7
$i, DU B R b 5 2 e U0, DALk B BELJE 428 i 34
55 PSS ZE 0y bR LAk [ 8 AT 4R R
min J
K., <K<K

max
s.t i T

Imin

T

2min >

AL 22 HLZR G0 v 5 2 E 1) B o BELJE 42 i 3615
1 PSS BN K i o K e 4 i B0 1Y 1Y B /ME A iR

BT, Ty JIEE T B RAA T, T BT

2max Imin 2 * 2min

B/ ME , — M nT e P08 v S R AR RO
T,=T, ,Tp="T, , B U5 %554~ i in BELJE 2 1 24 5 Fn
PSS ) K, T, T, #EATOLAL R AT
2.3 NFHEZRMKEMLFR

WP RER R R BN T Ao 45 R e &
ML, SRR RE G B R LA E o P, B4

= I\Tlmax i=072"”’L (7)
<T,=<T

2max

Jrife I (gbest) B ASRL - 1Y A7 B A A% 250 (6) L (7)
AT
vﬁ(t+l):1uvy(t)+cqrv(t)[pg(t)—xy(t)]+
czry(t)[pgj(t)-'xg(t)] (8)
x; (1) =0, (1) +w, (1+1) 9)

Ao AR jARRBL TS j 4k 5 AURES i DRLT 5 AR
fﬁﬁtfbwj@ﬁﬁiﬂ¥ua¢@ﬁﬁﬁiﬂ?ﬁ Ol —
TE0~2 Z 8 ;r, ~U0,1),r,~U(0,1)H 2 4~ H H il
DAL

KT RES T B B B AR R | T R kI
Gty H bR RS IR S LA O Ak B bR R S
SRR AL SR il TR A SRy O Ak T A )8 T B

7E Matlab H 4 il B2 5, R DR 7 RES 2 5L S 5L
AL, FEAEIRAN . (1) R 5 H7 R P 3k
R G R R HE R, 90 1h AL 1 A R A
(2) HHRSHE IR KT, T, B, KA AR 25 1Y
FRAEAE Kkt B BELE B 5 (3) 15 H bk pRBUE , IR =
YE R 24 i W B 3T pbest Al gbest, 1E M 5 37 A~ K
TV ANX 5 (4) FUBR L LR AF, 5 2
B, Bk E LR (2)

FE TR BE SRR (0 B BELJE 4% ) 2R 15 5 PSS &
HOh R R 3 R

3 EHISH

I=HLRGN RS, BaE S5O 75 ik /1
ARNE, RGN I 4 froRs %R G2 DL IEEE

XL B A7
TR AL

T K, T, T 1
LA, BRIBUR SEA

T s R A,
e AT g 3 7 JEE

SR 4 Jey B A
s 8 e AL

HEORT A AR T
114 2 S5 37

N_RfRILE
W Sk ofi

B 3 EFRFEEZNSHEMERNLRRE

SHL9 WA RGAE N AR, WAEHTEAT KA
OB AL XL | 9 2 IR Sck (130 ob i 3561 2500 o &
LA BT (A D) TC DI HEAT T R R G H o 5 ot
100 MV - A JEAfERL R 230 kV 415y 60 Hz,
8 10 R 9

LD C)m

230 kv 13 8 kV

2

|
I
18 kv 230%

230 kV | 4

%

16.5kV 1
G

4 BN ARGZEIHINGEN

WK A 10 51 S A A RS i 5%
oM 90 MW, RS KUHL R AR T Z2 I 4k (HL cosep=
0.95)F 1 J7 =0iz 17, IR H 1 & S E N K k17
R, W12 3 B A R AL, 3 A HLEhRE &R
G R — B B AR R Y A5 5.6 8 S f A Y A
SR FH 1 BH A4S 20 A 5

MU WAL B AR — B 2L (s<0) ([
(= 0) AR IFI 2B (s> 0)3 B BUXHLIZ 17 7E s= 0.2,
s=0.1 M VBN RGH 3 Fp Az 477
3.1 HIEES

£ Matlab 1 g il FEAF B 20 B #2715 8 RG24 3
P ML R 32 47 07 U AR EE RS S s 1 i, k1
MRS, “HLRGESH 3 ML IRGEE R IR% 4% R
1.8 Hz WA BHJE Jy 1| JB TR AR,

R T S E R A S SO ST BT Y B
JRR RO fE 2 B EHAL G2 3 5 &ML G3 LEdE



28 I

B T

®1 ZHNRSENBEIRHZENX

RALBATIRZS R WR Hz BB
-0.7509 +j5.5550  0.884 1 0.1340

s=-0.2 0.142 6 +j11.528 8 1.8349 -0.012 4
-0.728 5+j15.7294  2.503 4 0.046 3

-0.740 0 +j5.5559  0.8843 0.1320

s=0 0.0825+j11.5053 1.8311 -0.007 2
-0.7489 +j15.7482  2.506 4 0.047 5
-0.7353+j5.5557  0.8842 0.1312

s=0.1 0.0551+j11.494 1 1.8293 -0.004 8
-0.7674+j15.7574  2.5079 0.048 6

PSS, 7£ XUt KA L i B o BHLJE 42 61 2845, 4391 R
W 2 Py kBT B BE JE 45 il 28 F1 PSS 24K,

Se RSB R L AR T 3 38 T B I BELJE 42 il 3875
F PSS WS 8k, %S n] 1 B 25 1 BRUE S Ly
[0.1,150], 7, To W HUE S D [0.01, 1], A AR+ HE
AT S BT MR A, R BRI )E S8

22 i, HbR RS & an &l 5 TR

*®2 MARKEHSH
P K, T, T
G, 31.139 0.352 0.142

G; 40.076 0.183 0.065
XU KL 67.232 0.166 0.589

3571
30

HfE

iz 20

N

St

L B
0 10 20 30 40

R UM

B 5 &EEMNEFMFEHENERIERIENTW

G 0 ELJ2 3 340 B 5 5 PSS 195 4028 i By 48 £
5 R G R 0 3 R,

R 3 SHMARLEREMIRIRSEN

50 60 70

WAHLB TR Rk B Mz Bk
-1.777 6 £j5.851 1 09317 0.2907

s=-0.2 -1.8586+j11.6456 1.8544 0.157 6
-2.9409+j15.8708  2.5272 0.1822
-1.5783+j5.8159  0.926 1 0.2619

s=0 -1.8690+j11.4353  1.8209 0.1613
-2.6971+j159135 25340 0.167 1
-1.6772+j5.8385  0.9297 0.276 1

s=0.1 -1.8089+j11.4616 1.8251 0.1559
-2.7379+j158419 25226 0.170 3

PR 2 O 7 e AL 2 B 5

FIPSS S8, M ST T2 50 SR AR A7k Hi S

Bz 4 iR, SEOMST B E RGP R 5
m#E s PR,
x4 WMIDLHENSEH
/S A K, T, T
G, 50 0.30 0.03
G, 45 0.39 0.02
XA AL 100 0.03 0.16

5 SHIMOGITRERFMIRIRHEN

ALz 7R 2 FHAIE AR WE Mz FHEL
-1.2155+j5.803 3 0.924 1 0.2050
s=-0.2 -1.3289+j11.591 6 1.8458 0.1139
-2.0464 +j15.768 5 2.5109 0.128 7
-1.2689+j5.719 2 09107 0.216 6
s=0 -1.182 8 +j11.467 3 1.8260 0.102 6
-1.8512+j15.727 6 2.504 4 0.1169
-1.2279+35.7657 0918 1 0.208 3
s=0.1 -1.238 7+j11.499 9 1.8312 0.107 1
-1.9472+j15.8149 25183 0.1222

Xt 3 A 5 MRS o A 45 2R ol LR 212 Fif

JTIEHARBEA RGE RGE , B2 R A L7 A A
WS BOMSL BT Tk, ORI A 4R 5 B A R R
AL T, REE 2R G RELJE M AEAL i 412 465 2 1] BIL HE
Dt A A PR RS e s R EA BT
I RGBT TR ENE
3.2 HEHE
ARMBLTAEAE s=-0.2i 1707 X0 i), B8 v i 7
8 ZIH] YLK AE 1= 0.2 s I & AE = RH J B Wl e e e
F72E 0.1 s Ja A ShIH BRI IR W a1 | sy H AR
WE 6 s (RIS K BALE RIS HEL)

95
—~ 90
< 85 %ﬁmlﬁﬁﬁﬂﬁ
H:T 20 mjﬁfﬂr'ﬂ‘ﬂ /\
)
2 AR
R 65 "éﬂlﬁ'imﬁ
g 1 23456789 10
t/s
(a) G, tHXT G, By Ll ff 22
90
= 85 s
— 80 %ﬁﬁ(ﬂhﬂﬁcﬂ:
675%ﬂ
Sl
H
& 65
R 4 %iﬂﬂiufr
55

01 23456 789 10
t/s
(b) G; HXt G, 1T ffi 22



IR AR A U XCHILRR Jn BELJE 78 1 2515 55 PSS 192 Kb 18 1k 29

0.1 | BB
/t#ﬂﬂn

W\-fﬁ%ﬂfﬁf\

-0.25 | S#umr it

30 12345678 09 10
t/s
(c) MUMLEE 22 5%
E 6 #EEREMNINAEMETIHFERMLE

Hy L SR S 0 B SR AT LR B U XL R i BHL
JEFEHI AT A PSS M S Bz s L B it R4
HA 4B e | RERS SN A &% | DR 33 3l - 410 AF 53t
PR35 o Ay FLAE S 5 R AR (20 25 R AR 5, AT IE
W T 28 A B DB

ZERIE
X KU XUATL B i BEL e 42 il 38795 55 PSS 19 2 £ty

PACAR IR BEAT TR WESE, 4RI T 5 TR IERA

MBI IEAL 712, 78 H AR R ECT BT T AL IR

BECMAR ML R IR G B B BB Rt . A= HLRGEAE

S0, DAL AEL 23 B A0 S S 07 0 9 D T S i 1 L 3R T

TEBIAT RN S5 5R AR H P 4t A 2 B R A1 A D5 125 AT

DL G R BLE A F T R T E iz 1T

SE k.

[1] SLOOTWEG J G,KLING W L. The Impact of Large Scale Wind
Power Generation on Power System Oscillations [J]. Electric Po-
wer System Research,2003,67(1).9-20.

(2] Je 5. KRR UL 3 e A WL 0 R 48 Y /0 T IR B PE AT 5Y
[D]. dbat . A by J3 R4, 2008.

[3] MICHEAL HUGHES F,ANAYA-LARA O,JENKINS N et al. A

Power System Stabilizer for DFIG-based Wind Generation [J].
IEEE Transactions on Power Systems,2006,21(2).763-772.

(4] BEIEMT, A% 8 Do, B 7 5 g0 BHL R A5 1 LS KU HL AL
g (], B &% A 3h1k ,2011,35(15):26-29.

[5] £ B, &T0, Wl 5 d ) RGeS Fg o i 5
25k [J1. 8 A 3h ik 3 4% ,2009,29(5) . 10-19.

(6] BRED] A& &%, 5k 58,5 M m I RT3 B i i i 3% 48 i Se

P H AR Bk R L] i 77 | 3 ik 45,2004 ,24(9) . 91-95.

(7] #8 4, Eigr 222408 55, 28 1 oL 1 R 48 PSS i EL it B

R EE (] B Eﬁﬂﬂﬂxé 2010 30(1)-53*61
(8] sk sk & BRAmf, 55 ZHLRG P R MHAE R E 4
5 PSS ﬂ‘J’rJMEJﬁE{HJ].EPEIEE*JLI?FI%?&,ZOII,31 (28):1-8.
[9] ABIDO M A. Pole Placement Technique for PSS and TCSC-ba-
sed Stabilizer Design Using Simulated Annealing [J]. Electrical
Power and Energy Systems,2000(22) . 543-554.

[10] WU F,ZHANG X P,GODFREY K et al Small Signal Stability
Analysis and Optimal Control of a Wind Turbine with Doubly
Fed Induction Generator [J]. IET Gener. Transm. Distrib,2007,
1(5):751-760.

(LT XA A i A X5 XL g i v, BIL 3 i il s Pl DEEAE 50 (D] At
MWK 2 ,2005.

[12] KENNMEDY J,EBERHART R. C. Particle Swarm Optimization
[CI//IEEE International Conference on Neural Networks, IV Pi-
scataway NJ IEEE ; Service Center , 1995.1942-1948.

[13] #p &M | SV 45 . WUist KA BIL2H X F ) 28 9 AW 31 35 5 12 114
R[], ':PIEEMI% 24k ,2011,31(10) . 19-25.

YEH R

o 4£(1970), 5 VLT mE A, TR AR RS A ik
HIFFE S T AR

A B1973) B IR AN TR N ) R G di il
B BT I T A

Pk JL(1988), 55 L BUl b N B AT ) RGLis 4T
7,

5 T

Study on Parameter Coordination and Optimization of DFIG Auxiliary

Damping Controlling Unit and PSS
ZHENG Hua', LI Zhong?, CHEN Fan?
(1.Guodian Nanjing Automation Co. Ltd., Nanjing 210032, China; 2.Nanjing Canneng Electrical Automation Co. Ltd.,
Nanjing 211100,China; 3. Anhui Electric Power Research Institute , Hefei 230601, China)

Abstract: Deploying auxiliary damping controlling unit in douly-fed induction generator (DFIG) is an effective way to

suppress the low frequency oscillations in the multi-machine system with large-scale wind farms. However, auxiliary damping

controlling unit in DFIG may reduce the positive damping provided by PSS. In this paper, a parameter coordination and

optimization method for auxiliary damping controlling unit and PSS is proposed. Both electromechanical and

non-electromechanical modes are considered in the objective function, and a calculation method based on the PSO is

proposed. The three-machine system is taken for performance analysis, and the parameter of auxiliary damping controlling

unit and PSS is designed. Time-domain simulation results show that the method can improve the performance of damping low

frequency oscillation.

Key words: douly-fed induction generator; low frequency oscillation, auxiliary damping control; power system stabilizer;

coordination and optimization; particle swarm optimization



