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Abstract: The risk of sub-synchronous oscillations in wind farm with doubly-fed induction generators (DFIGs) connected
to the grid via series capacitor compensated transmission line is well known and has been widely studied. However, the
research on sub- and super-synchronous oscillations which can be observed in DFIGs integrated system without series
capacitors is rarely availale in the literature. In this paper, eigenvalue analysis as well as electromagnetic transient simula-
tion were applied to study of sub- and super-synchronous oscillation problem. The dominant unstable modes of the DFIGs
integrated system without series compensation were investigated. The effects of operation conditions as well as control
parameters on the stability of these dominant modes were analyzed. The oscillation scenarios dominated by GSC control,
PLL, and RSC control, respectively, under weak grid connection were disclosed. By comparison with the case of DFIGs
connected to grid via series compensated transmission line, the DIFGs integrated system related sub- and super
—synchronous oscillation scenarios and the relevant mechanisms were clarified. This work can provide a reference for
practical DFIGs integrated system oscillation analysis.
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Table 1 Typical control parameters of DFIG-based wind tur- Table 2 Oscillatory eigenvalues of the DFIG system connect-
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24 HUE (b £ 1H) e BUE (b 4 1H) P (1) MHSH (2) 5% GSC B4

Kpi1(Kp2) 0.04 Kii(Kiz) 30 19,20 —10.87+j21x54.33 —10.88+j21%54.38
Kp3(Kpa) 0.44 Kis(Kis) 35 Jo34 ~55.87+j21x17.80 —53.814j2nx17.98
Kps 0.2 Kis 5.8 2256 —82.56+j21x10.54 —62.09+j21%16.12
Kpo(Ky7) 22 Kis(Ki7) 150 Ja78 ~12.21%§21x10.70 3.344j2nx11.68
Ko 50 Kin 1000 22930 —2.93+j21%x3.20 —2.94+j21x3.20
A3334 —18.70+j21%3.78 —24.01+j21%3.53
B (3) B PLL % (4) M RSC %
=¥ 1 #= H ik -] 22 %

FHIEA TH SRR, XS R S AP 1920 ~10.87+j21x54.33 —4.534j21x54.15
A, BRI PL R P i B R A, 0l Ao ~50.48£27%18.00 1.76427x16.77
WA LA O BUBHLR S A i RAIA L e TSdmdeLie SLazjeIs

N N _ 2718 —24.59+j21x9.15 3.06£j2nx11.79

=1 Hs Dy < - [ 3 74/% N9
LASFIS TR RPEFE B . XN ik 4 P 25 Joo0 2.87421:3.19 ~2.91421:3.20
BT AR KIL, JBCRER SN, FHlRgEs i 139423811 ~18.75%{2nx3.75

HIIARE M E S RBIRGE A, W% 2 Prs.
1.3 ES4HHEERESS5REFSH

X 2 fs £ RRER R T 2 5 B 104
R E 2@)—@O s .

D) FFIEBLES dio20 NN NS LM ARG HA
3 3 P ORHERE e Ho, G dsg G i NI
MNRBAVRESE R, URGEAH BT, 2B 8N

TR FADIRGHEL, HFENESZ RSC {#ZiH5
mey, B AT AU 2 B R R AN L R SR
i) 8

2) FFAERREZS Jsoa LEGIEN BHHLER 754
RN T AR A AR o0, WA G A 2,
RIA RSC SHe 1 GRA M B < 0l 32 7 IO RFAIE



e R L)

. S QUSRI TE RN F IR 5 SR B R R R AT 663

1.8
1.6}
Lap 'l_razmam 1
12} ————
1.0}
0.8}

.l O mma |
0.4} e = =

0.2} II
0 L L

i i .
lsq rd qu

Z 5K T/%

0 5 10 15 20 25 30 35 40 45
RETERS
(a) B g5

°\\°
3
K ) f—
i " ascmwm |
‘iK\\ — . Bl
0 5 10 15 20 25 30 35 40 4'5
REZERS
(C)ﬁ%ﬁlzs,ze
0.6
0.5’ ___1
T wmsmn |
e\\o0.4- —_—— — —
N
K 0.3
R
802
0.1
0 P
10 15 20 25 30 35 40 45
REZERT
(e) 1% '7';5‘}“29,30

2.5
mhq—————j
200 BEIARR |
iy, L — — — —
°\\° L isd
S 1S
ool
w 10 ———————
RSCHF R |
0.5} by e e = -
: zZ, Z,
0 5 - IIII- - (mam]
0 5 10 15 20 25 30 35 40 45
REZERS
(b) B2,
0.35
iy —_— 1 —_——— —
0.30 M gmen | | oscwr |
0.25 g
= ; GSCH R Z
WV oo20f e 6
Udc Z7
I o.15f s —_—_—-Z,
Y r-MC |
0.10} | e 3t 7y 3R z
L | i
0.05}
0 5 10 15 20 25 30 35 40 45
WELE S
(d)*ﬁ%‘t‘AZLZS
0.50
0.45} O
Yol
0.40} o
0.35} [ gomer |
°\° ey —
3 0301
025 — — — =
Ip | RN L
f Dby SRR
0.15}
0.10}
0.05} I-l.
om_.-IIIIA .
0 5 10 15 20 25 30 35 40 45
REZERS
(f)*ﬁ?&?i“,“

2 BRSNS 5T tras R

Fig.2 Participation factor of state variables of each mode
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DPAs =— ZHLa)S [KAO + Do,Aw, + Daoyw,As + AT, ]
A AR AR R IR A 2 TR AR O«
Ax, =[Aw,,A0,As]" (7)

(3) RSC =il 7F2
- MIAR L 25 R FH 8 1 FUAR JE ) () R S 45 )
FHIMERIE Al s KIS REuRE T4
PEAL AL BE T 15 RSC RS 25 AR N«

pAZI = APs + APSfef
pAZZ = _AQA + Aerejf
pAZ} = _Aird + Airdrcf/'
pAz, =—Ai, +Ai

rqref
HURSC PR A8 A BN
Ax3 = [AirdaAirquzlaAZZvAZ3aAZ4]T )
(4) GSC #=Hil77H8

PO 0 A 7T 45K FH P PP L S T R O R A, 4
HIHEEIINE A2 Fos. R HAsHl RUIRETT L

AL FE R 13 GSC RS (A g -
pAz, =-AU, + AU,

cref

®)

pAZG = _Algd + Aigdref (10)
pAz; =-Ai, +Ai

gqref
I GSC PR 7 (0] AL 5 Ay«
Ax4 :[AUdc3AZS>A26’AZ7’Aigd’Aigq]T (11)
(5) BRI R
BRI SR ) R IR R L, B
X 00 R S AR AL BEAT BRER AL 20 . BiUAHIAIE AT
JRE NP A3 s . R HAEH RGUIRES T L
AL BTGB PR 23 ALy

pAgpll = KppllAusq + K[pllep/l (12)
prp,, = Ausq
IR PR RS 23 [H) AR
Axs :[Agpy:Axp[]]T (13)

XU AL HE A 215 IR 25 725 (8] ) 8 7] R
Axe, FHEAREANEA ISP 22 3R [20].
AU 24 PR RS 2 () A B ] 7R

Ax,, = Bu,,Au, A, A0y T (14)

line
25 bAT 43 A5 B3 AL 5 52 9 2% IR 2
Gl EIE U EitPAF

AX g = ADX ppy + BlAuxy (15)
Aixy = CAx 6
Ax,,, = A,Ax,, , +B,Ai
line 2 I 2 y (16)
Auxy = CZA'xline

Hrp AXDFIG Z[Ax1anzan3an4an5,Ax6] , BT
(15)5 K (16) 7] 15 X135t KL FF M 22 Gt (IR A 73 [A) AR
Ax = AAx 17

system system

N Avsysem RN RGHPIREALRE, FEFFE 4 BI04
ARG HPIREFERE



M D HHEETES
% D1 G5 RO UHLIER R SR 5 4 R

S EEROR(:N s RHIEE

Arg —4.77£j2nx546.72 2122 —307.52+4j27%x27.97
49,10 —4.94+j21x441.95 22324 —55.63+j21x17.72
A2 —2.01e34j2n%8.92 72526 —82.78+j2nx10.57
As,16 —264.76+j21x92.71 A27.28 —12.36+j21%10.71
17,18 —701.67+j21x2.61 229,30 —2.93+j21%3.20
A19.20 —10.32+j2nx54.35 A3334 —18.76+j2nx3.76
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