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Reactive power configuration and planning of doubly-fed wind farm

based on load security domain
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Abstract: The problem of voltage safety and stability might occur when the wind power is connected to the power
grid. In order to improve the voltage stability of the wind farm’s grid connection point, this paper proposes a reactive
configuration of the doubly-fed wind farms on the basis of the calculation of load's safe domain. In addition. a collector
line selection method is also proposed. Firstly, the P —Q characteristic curve of the wind turbine unit is derived, and
the stable operation domain of the doubly-fed wind turbine is obtained. Then, the P —Q characteristic curve and the
boundary coordination problem of the safety end of collector line are analyzed to determine the collector line type, so
as to fully utilize the non-functionality of the wind turbine. Finally, the reactive power allocation capacity of the wind
farm is calculated through the security domain boundary of the grid connection point. The results of the example
show that the proposed reactive power configuration method can ensure the grid voltage within the safe range.
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Figure 1 Equivalent circuit of doubly-fed wind turbine
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Figure 2 Three-dimensional surface relationship of

P-Q-U on the end of doubly-fed wind turbine
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Figure 3 Output stable area of doubly-fed

wind turbine unit
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Figure 4 Load safety domain boundary of the head

and end of line
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Figure 5 Model of doubly-fed wind farm

connected to power grid

0.8
07
0.6 WA R HL AL 2
B} 0.5 P-Q $EPE 2
< o4
031 “geaminin
0.2
0.1
0
01 02 03 04 05
Plp.u.

6 REeMAP—QLa%iLfHR
FABAR G EASX Z
Figure 6 Coordination relationship between P-Q
characteristic curve of wind turbine and boundary

of load safety domain at the head end
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Figure 7 Reactive power compensation

determination of wind farm

2 I8 L3R 5 2 i E X R 3 TG T G L A B K
R N R R AR T B RR B0 T A £ A
(Qemin » Quemax ) T A, 5L BE 18 45 A g1 2 A8 B 22
Sl b, PROE 4R A R R N 2 B E B LR
ELVFER.

5 BB

5.1 KHEFEE

7 MATLAB/Simulink # # & 5 Ff 7 89 X A
Yy Bz A HL WASE AL, I 1547 AS [ XU R0 AN [] 67 e 3 55
TR E T AME R O . K E I 30 /5
ML R 1.5 MW 9 B XU L2 20 1. {5 FCAT
¥ 30 A LA — & S LA F H XA PLZH
SRR E R AT B KR LA O R
690 V, i 4 AR R #5 T R 2 A 81 35 kV S HL L
L 9K J5 TR TE R AR R AR TH R H] 110 kV #EA
B BEZR B, Bs 43 3B A U Sy Shs s

o ] (o A 2 Y A TC A DG R
BRI )L AE - WKUH 37 0 190 i R 7 0 25 B Ak T
90 %6 ~110 Yo &2 M & T RS 1E % 1847 , {0 g - KUk
A A A7 A D Bh A S e PR O A B AR L R B AT
DR — M FE — 300 ~ 700 #il AE H He, E BEER B,
By 4359 g G0 A 22 4 S0 1 S R R B B i R A0
B 1.05 p.u. » A S HL R 1 BRI BRAE 43 51 A
1.0 p.u. #10.97 p. u.
5.2 RETH

WETE 5 s BF XS KB AL B X 5 m/s,
I JE KU 430 228 T3S i 2 11 m/s Al 12 m/s, IFid
EEANRE T, B B, B, B E A DR
P, MITEHI AR Q,  fifif Sy =15+38 MV « A,

HRHESE 4 10 T T 45 5 I 7 TE AR U
5 v it e 1Y JC B 25 B L (0. 093~0. 126D p. u. »
ZOCBEET R 100 MV« A,

M 1.3 2 FE 8 mf il .

D) RAMEHT KGE 12 m/s B U 37 58 HL 28 i oK
Uiy L RAR T2 4 T BRAE I R S DR A & A S i 5

2)AMEE IS L B HL 2 B R i D) A A BT, HL
R i HL e e T T BRAE 5

3 AMEJE L AR HL LR I TR R AL 0] 5



88 LA -

5

Eid PN 2 Eitd 2020 4 1 A

4) FUBEAR L 2R B OR S T SR AE 20 E 1Y 22 Ax L
TAT 5 24 i Pt s 0 7 JHLAEL SO [T 1A

1 FARREWWEFMHTEHL B, B, e EfF

Table 1 Voltage and power of bus B, and B

under different wind speed initial conditions

M /(me+s) By/p.u Bs/p. u. Ps;/p.u.  Q;3/p.u.
11 1.015 0.973 0.162 0.067 5
12 1.015 0.966 0.211 0.022 8
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Table 2 Voltage and power of bus B, and B3 under

different wind speed after reactive power compensation

M /(m«s)  By/p.u Bs/p. u. Ps/p.u Q;3/p. u.
11 1.015 0.973 0.162 0.067 5
12 1.019 0.997 0.212 —0.045 1
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Figure 8 Relationship between the load point and the
safety area without and with the reactive power

compensation under different wind speeds
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Table 3 Voltage and power of bus B, and B; for different

5.3

load before reactive power compensation p. u.
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Table 4 Voltage and power of bus B, and B for different
load after reactive power compensation p. u.
Uik B, B P Qs
0. 15+4j0. 08 1.015 0.973 0.162 0.067 5
0. 304j0. 20 1.020 0.995 0.157 —0.022 8
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*S1;=0.15+j0.08
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Figure 9 Relationship between the load point and the
safety area without and with the reactive power

compensation under different loads
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