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Table 1 Wind farm output situation (case 1)
5 Bk T ﬁgg %ﬁ[‘é/ﬁ/ fmiﬁﬁ/ iﬁf%f‘uﬁﬁ/
K37 A 60 267.60 1.06 1.06
K35 B 12 44.87 1.00 0.90
K H13 C 70 168.00 0.84 0.84
K H3% D 30 112.50 1.00 0.90
KH13 E 15 56.14 1.00 0.90
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Table 2 Branch impedance values and
related parameters (case 1)

SCEEARE BLLSGH/Q MRS/ Q BT/ (0) BT/ Q

U3 A -1.487 11.380 97.445 11.477
K H 37 B -9.919 45.975 102.175 47.033
K H 37 C -2.552 8.104 107.480 8.496
K HL37% D -3.762 21.015 100.149 21.349
K H 7 E -11.376 35.839 107.610 37.602
Rk -0.054 4.473 90.692 4.473
Q%iﬁ -0.265 1.912 97.879 1.930
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AT AL, 0 3 R P W i o 9 A T I
Rl I RdE 5T 2N, BIRBRAEL AT

®3 RN EXSH(ESG—)

Table 3 Relevant parameters in area || (case 1)
PIBRSClE BB/ (°) S/ (0)  BIRIEE R R
RHLZ C 107.478 103.972 4.341
REZHE 107610 105.353 19.205
KHEH D 100.149 105.047 NS
K37 B 102.175 105.434 A

LRPELA, AR A 12 Prs Ul fi 2k, BOHREROR X
WPk 7 1) K O JEE , £ R Nk 4 i

O — Ry — WHBA — VIRC
301 PIKE — VIKB VIFRD
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t/s
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Fig.12 Fitting curves of maximum power at
grid connection point (case 1)
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Table 4 Dispersion rate of oscillation
after emergency control (case 1)

PIBRSCBE RGH/He %R BGHE/ (MW -s™)

NS 37 30.92
A3 A 37 27.02
A H13% B 37 19.73
R HL C 37 -25.74
A3 D 37 15.60
K e E 37 3.98

IRk Lk 37 927.60

Hi & 12 FTLAE H, DIER X 1T S B R RCR AL T
IR IX S [ S8, DI Bk 285 — Uk 7040 )i Wi 226 R Y
SCERXTBEJE R4 TS Ry BRAR , H U BR T R 2 R L
/N C SRR O THSCR SR 2
32 HfIZ

B RGN BUE XL 1817 28, Ik S
PR o IR AR T AT TS B, A SRR
A BPTRAE M S8 3% 6 P o

x5 RBZHHAER(EGZ)
Table 5 Wind farm output situation (case 2)

FHMM Ry, G XE, R R Kot

AR

GIRER MW p-u. p.u.
REZHA 40 149.5 1 0.9
RHEZB 32 120.0 1 0.9
RHEC 50 187.3 1 0.9
REZD 30 1125 1 0.9
REFHE 35 131.3 1 0.9
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#6 XHWERBEREHEXSH(ESHT)
Table 6 Branch impedance values and
related parameters (case 2)

AR B/ Q BB/ Q BT/ (°) BT/ Q

K A -3.2936 15.253 3 102.184 6 15.604 9
KHI7 B —6.260 2 15.879 9 111.5155 17.069 3
K7 G -3.627 9 10.891 5 108.422 8 11.479 8
MHdm D =3.769 3 21.084 0 100.135 9 21.3490
MHdm E - -3.7357 21.084 0 102.360 8 17.451 3
Ieegk -0.051 5 4.486 2 90.657 1 4.486 5
g}%? -0.273 1 1.886 8 98.236 6 1.906 4

TR, BREK 28 22 S0 i A XU 3 R L T X
B, ZUREE D B — P AT O e . XU I ARG
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HR Y C 1 F s RBCE /D FeAd [ 07 22 i
T AR s AUA 2k, AT AR 18] 13, POH R
oK B Wi 1) A O R, S RN 8 i o

x7 RElEXSH(EGZ)
Table 7 Relevant parameters in area || (case 2)

PIGRSCi% UM/ (°) s/ (0) R R

KHEZH A 102.184 6  105.586 6 At
K% B 1115155  105.656 6 8.714 1
RKHd% G 108.428 8  105.306 6 5.926 7
KHi% D 100.1359 105.806 6 At
RHEZE  102.360 8 105.666 6 A
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B 13 HFMAhERAEMUSHE(EGZ)
Fig.13 Fitting curves of maximum power at
grid connection point (case 2)
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Table 8 Dispersion rate of oscillation
after emergency control ( case 2)
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Emergency control strategy for subsynchronous oscillation of

DFIG-based wind farms with a series-compensated line
ZHANG Xinyu', XUE Feng', LI Bijun', XU Jianbing' , XU Haibo', LI Zhaowei'?
(1. NARI Group (State Grid Electric Power Research Institute) Co.,Ltd.,Nanjing 211106, China;

2. School of Electrical and Electronic Engineering, North China Electric Power University , Beijing 102206, China )
Abstract ; When the oscillation suppression measures on the new energy side fail , the sub-synchronous oscillation induced by the
interaction between the double-fed wind farm and the series compensation will result in grid disconnection of a large number of
wind-driven generators, causing adverse effect on system stability. Since the existing measures cannot guarantee reliable
oscillation suppression under any circumstances, it is necessary to take the initiative to conduct emergency control of the wind
field at the network side. On the basis of frequency domain impedance,an emergency control strategy is formulated to address
the problem of excessive real-time calculation during slicing of radial network,so as to reduce the amount of calculation and
decision-making time. The relationship between the real part of the frequency domain impedance and the mode value, phase
angle of branch impedance at the new energy side under the polar coordinate system is deduced, followed by a three-step
judgement depending on the change of the real part. Firstly,the ’suspension of invalid units’ is excluded. Secondly, the valid
units with effective emergency control are selected from the rest units. Thirdly,the order of suspension is determined based on
the size of projection of the complex impedance,so as to prevent excessive suspension. On the basis of the actual parameters of
transmitted grid after series compensation at a domestic wind field, the effectiveness of the proposed strategy is subject to
PSCAD simulation. The simulation result shows that emergency control with adoption of the proposed strategy herein can
effectively improve the system damping during the sub-synchronous oscillation and prevent rapid divergence of oscillation.
Keywords : doubly-fed induction generator; large-scale wind farms ; sub-synchronous oscillation ; impedance method ; emergency

control strategy ; wind farm integrated
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