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Fig. 1  Wind speed distribution and fan output curve
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Fig. 2 Simplified equivalent circuit of wind turbine
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Table 1~ Output and probability of wind farm in each scenario
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— — PLIRYASFI

AT T IR AR A [R5 5 2R AL S PV T ALY
5 AR VAIE R A 30.33.34.37 .38 Y AT SCAT R
JE R BRI BEAT B IA I . 3R 4 BT D) IR ) 2 1]
M 45 PV W5 A0REE R . vI1G P, =P Wt T &M 4 IX 45
Wl BRI REREHE S 0< P < 1/3P, | 1/3P, <P, <2/3P.
H IR AR X EER, 45 RINEE 5 Pis .

x4 ETFERiFEEHI=EMF S PV SREFH
Table 4 Remaining PV node merging based on reactive power

control space

T4 PV 5 XFIVE PQ 35 55,
33,34 19,20
38 26,27,28,29
30,37 1,2,25
39 3,15,16,17,18,24

R5 AEEE FEEAEDERNEMNTK
Table 5 Whole network partition considering active factors in

different periods

DX 3PN 1 s G
X
PTTE 1 BT 2 T 3 PV i 5
(2,17,18,  (2~4,15~18, (2,3,17,18,
1 30,37
25~27) 25~27) 25~27)
2 (1,9) (1,9) (1,9) 39
(15,16,
3 (16,21~24) (21~24) 35,36
21~24)
4  (3~8,10~15) (5~8,10~14) (4~8,10~14) 31,32
(28,29) (28,29) (28,29) 38
6  (19,20) (19,20) (19,20) 33,34

G302 5 WL RGeS o X AT PV DRI ik
TR A 53 X, 2675 RN Tk sl 25 T RE DR AR B A
(1) PV A5G AF L5 Hod PV 50 z=n-m=39-29=10
AN AEAIRE 10 A4S PV A5 ST A X, 2 GG 8 AR X
PR [ PR BT S Y IEEE39 19 55 R 4E VCA.
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He 5

i

434

43 VCAMBFREIE

SIBT 4.2 A FI B R U Sl 4 R 4 X AT L, AR
BRI ZE, B0 R T AR 4 X R {H 4 X 45
RAEAT 252 VCA LR FE S, S TEEE VCA 1R
FEAasE M, R 3.1 1 Frk i FUE I 7 ot ik VCA R4 71&
1E. T EMUERR TS VCA H RS —3oi: , 5958 [X B,
FL PR AR E 2], A8 DR VCA v A LA T TR AR Ak e
R3S AR E R S VCA, 2 6 9 3 N R VCA
R WA B, A SCHR R VCA 31 B8 1E D7 s BRI 4%
VCA WA 855 4 REERER 2 3 XA R 13T 2
Wir £ 237 19 11 L 7 8%, 3R PSASP X} TEEE 39 45 55 & 45 3
AN R B VCA TR T iR 43 Hr

L PSASP B AT 3 AR H TN T VCA PR32
TR YR U AT TR 40T , 38 40 38 1 T A5 2 ZR Ge A 1 a5
LRAT IS AR R AR (LR . A0 3 NSRBI 12 5 = i Wk
J5 RS R R LA 245 VCA B RS AR B, ] LB
D BT AR T IE VCA HURAR (b — 30tk

Table 7 Variation range of voltage before and after disconnection of boundary branches in different sections

=6

EHTE T ia R B R T A

Table 6 Boundary branches and nodes of broken lines under

different sections

Wi = W TT 1 W T 2 Wit 3
R 1-2,2-3,3-18, 1-2,4-5,8-9, 1-2,3-4,8-9,
veAl 8-9,15-16 14-15,16-19 14-15,16-17
. 16-17,16-19,  16-21,16-24, 16-19,26-28,
26-28,26-29 26-28,26-29 26-29
R 1,2,3,8,9, 1,2,4,5,8,9, 1,2,3,4,8,9,
VCA 1
L 15,16,17,18, 14,15,16,19, 14,15,16,17,
FAT A
19,26,28,29  21,24,26,28,29 19,26,28,29

T N AT AT A% DX ) 0 5 S T R i R T
et , i TEUE R 2 ELURIR PR, A3 W 2 )5 100 5 A
s 2 HEAT T R IR A DX TR A . 33 7 AT KL

R T 1 89 )

VAL IA
3

BEA D SRR/ N AEAE o
R7 AEETETEXEDR X RTEERETLER

M DX 3 ) FRL e AR R 1, R R i

7% VCA PR L TR MR RS AL TE il /pu

VCA
Wi 2-3 WrF8-9  WrFF15-16  WiFF26-28  WidF26-29 Widf16-19  WifF26-28  WifF26-29  Wrff26-29
. -0.024~ -0.005~ -0.002~ -0.013~ -0.017~ -0.019~ -0.012~ -0.016~ -0.016~
0.014 -0.002 0.007 -0.002 -0.003 -0.005 -0.002 -0.002 -0.003
-0.004~ -0.002~ -0.006~ -0.009~
2 -0.001~0  -0.001~0 -0.001~0 -0.001 -0.001
0.005 0.022 -0.001 -0.001
; -0.011~ -0.004~ 0.005~ -0.003~ -0.003~ -0.017~ -0.002~ -0.003~ -0.003~
-0.004 -0.001 0.014 -0.001 -0.001 -0.007 -0.001 -0.001 -0.001
A -0.036~ -0.024~ -0.036~ -0.003~ -0.004~ -0.021~ -0.002~ -0.002~ -0.002~
-0.009 -0.006 -0.006 -0.001 -0.001 -0.016 -0.001 -0.001 -0.001
-0.003~ -0.014~ -0.019~ -0.004~ -0.015~ -0.019~ -0.019~
5 -0.001~0 0.001
-0.002 -0.009 -0.014 -0.003 -0.009 -0.014 -0.015
-0.003~ 0.003~ 006~
-0.001~0 -0.001 -0.001~0 -0.001~0 -0.001 -0.001
-0.002 0.005 0.012

M 3.1 FTARE I 5 vk T, T I 1 A 3.15.26
T WA 2 Y 416,26 SRR 3 P 26 T A E AT
R ZEH VCA i B IELS R NER 8 i .tk 8 Il il
TEAR ST A 1 A S A S ] I 18 3 1K 45 S AR —
AW 2 P 15 A IREE S S A 2 A AN ) 4
ST DX H R e 4R

JRUH i3 3 S 3000 i R 43 IX 9 AR fE 23 5 ke X 3k 8 T f 4k
RN W R, BAIR T G Ak B 2 55 Pk 5 Fi P s il A (o
P, XF FEAG TE BB 20 X 45 S 36 5, AN SC ARG 1E 5 43 3 1 2y
X AEIE T T R 8 S 800 5y X sh & 2484k, $2 71

T H R R E R . HEETB IEZ AT, B IR A7 X 45
PRTE T R A — S, 18 1E X 55 1) 3 540 50 R 3R
FEARFR PR R R VCA L TR, SR FIAR SCRIT §2 07 vk RE AR IE 731X
& B SRR E
AR RS PRIE S A B , A — R Feds 5 S A
LRl . O TUEMIASSUEIE DT TA & BRE 7R VCA AR
BEALIE 2% S TR IR A SO PR AB 1D EA 2 700
Bro SRUERT, Xoh BEALIE IR S HEA T2, T BB T A 75 A5
UIAE T VCA M 5 AR 545 5 A AR A R IS AN B A SR
BT IERIARIE, N AT HE— A SO R & B
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xS ARHETHRVTRBESXER
Table 8 Modified partition results of boundary nodes under

different sections

s BRI R

X Wi 1 1 2 Wiz PV
(2,3,17,18, (2,3,15,17, (2,3,17,18,

1 0,37
25,27) 18,25,27 25,27)

2 (1,9 (1,9) (1,9) 39
(15,16, (15,16,

3 (16,21~24) 35,36
21~24) 21~24)

4  (4~8,10~14) (5~8,10~14) (4~8,10~14) 31,32

5 (26,28,29) (26,28,29) (26,28,29) 38
6 (19,20) (19,20) (19,20) 33,34
5 4 i

B0 XUER 3 1 T3 S0 e H R DX 45 2R AR A TR, AR
SO — b 25 XU A B v T o DA T D5 0 A
BN

1) XU S R A B B o 2 M B i )
Gt T A DN FR ) RO R RS v U B AR M A T |
I3 DX A RE SRS S R DX e i R XU B Bl

2) 3 i BE R B SRR ZIEAT BIMER 89 PQ 1Y 50 X, A
1 Q-V HHEE S T 8o K LA, 2 T 0 i s ] ==
[ISE L T RIAY PV T RLA U IF DRt i 5 51 4 31X

3) T i v 47 ) X0 A8 T 5 9 DL R TR R AR A — B
P B G 2o i 5SS TR L R R R B IE
ST B MULIBIE o Z T EEA AR/ NS VCA BIH
e Al B, 3 i DX Pt T A A 1, 2 B e e i SR A Y
ORI AT AR BE R ) VCA

SIS R BT, ARSI I AT BN VCA AT LI
JRURRL I 90 4 X A B R B, VCA 285 505 2 b B 4030 v, T oy
HL TP ] A 2 B P R AR A 2R
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RESEARCH ON MODIFICATION METHOD OF VOLTAGE CONTROL AREA
CONSIDERING WIND POWER CONNECTION

Li Yingliang, Wang Kang, Gao Zhaodi, Wang Deming, Song Nan, Zhu Qi
(School of Electronic Engineering , Xi’ an Shiyou University, Xi’an 710065, China)

Abstract: The traditional Voltage Control Area (VCA) division will change with the fluctuation of wind power output. To obtain a stable
partition to adapt the various wind power output, this article proposed a method of voltage control area correction considering the impact
of wind power. Firstly, in order to study the impact of the fluctuation of wind power output on the partition, the probability distribution of
wind power output is discretized into multiple scenarios, and the power flow and partition of each scenario are studied. Secondly, the
Jacobian submatrix is used to establish the sensitivity matrix and electrical distance matrix with power factor, and the condensed
hierarchical clustering method is used to partition PQ nodes under different cross-section conditions of wind power output. According to
the minimum value of Q-V curve, the generators which are consistent with the reactive power limit of PQ node are also classified into a
group, and then the remaining PV nodes are divided into the whole network by sensitivity method. Finally, by identifying the boundary
of VCA, the broken line analysis method is used to re divide the boundary nodes with inconsistent voltage fluctuations, so as to improve
the voltage decoupling degree identifying the boundary of VCA. In this paper, the IEEE 39 bus system is used for wind power processing
in multiple scenarios, and the simulation analysis of each output scenario is carried out. The results show that the proposed method can
reasonably reflect the partition changes caused by the fluctuation of wind power output, and correct the partition changes under different
output scenarios, which provides conditions for the voltage stability control of each region of the system.

Keywords: wind power; voltage control; stabilizing circuits; sensitivity analysis; hierarchical clustering; topology
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