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Fig.1 Typical topology of wind farm
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Fig.2 Voltage control effect of the wind farm grid-

connected point in two scenarios
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Fig.4 Reactive power imbalance in the two scenarios

Z T HY B, C, 1M HXAH A 007 =
ERFTXE B M C. HE 3b FIKE 4 770, HE
TRDVHT R B IE RIS, =AGui oY
AR B R 50 1 19 8RR BGE . [RIBT AR5 & 3a
AU 3b AT A0, 35t 2 &3 ul B o T IR e
501 R Z, KA IEM AR RN BE X B ]
EK .
1.3 ENATH LK XBIHEEEFATHHEZM
1.2 T el AR, AR E T T R
WL KBRT R R K, K KATSKK,
KNSR AN FERA A, A
KR, MR AT B PR, (H 2 I R T
A DA, W RS R, AR T g .
TILLE 1 s (9 RGO BIEAT B, fBoE KU
W A. By CWEEIhIHREFAAEE, ¥R 10 s;
WE =AM KRB .. ST ThiA
ARBITHIN 1724 173, 1/6 I, K EL 3% 3 & HL R
WA S frac. 24 K=1/2 1, X HIES
— R TR LR R, B S TE PR O T S R R
WS NFEIX s 24 K=1/3 i, K7 EZE —k
VAT NSEIX, AT (A s 2 K=1/6 B, H
TSR, K EEZMERRIET, £8
4 WHTZJE B ESEANTEX . Bk, 8K K
FEL 3 H e 3 N BE X B[] A S 35 5 T

1.05
----K=12 — K=1/6 —K=1/3
1.04F
Ll
= 1.03 _‘t B e
R
S 1.02 Jf Urer
1.01
1.00 1 1 1
0 1 2 3 4 5
t/min

5 AN IRV T ER HOR S 4 I ROCR X B
Fig.5 Comparison of voltage control effect with different
adjustable step size

WA L B4 G R el 45, o Zhif 9 A 1 A0
T Tl T 2B A Y 2 S i L 3 H IS A . (H 25 RS F
KR ARG Sl ST SR E, KT
W AN S e, i HL I 5E R B AR 2R B T i
R 7 MR R R, R sk A SO R 5 i R e T
WA PR R AT A . B3 (3D WTRD, G
DA B AQ A F1A% 73 1Y A 9] — e i, A2
TR RE K AT LA e Tl K [
W, ELbRRGTH, BpuiZz WRAEE, REEE
D22 3 38 9F WX RO LIS, AL, A T AR 4 A BR Y



4220 A D N 3 2025 4E 7 H
=IE BV AVC Fuli LD b, R & iR
ol R R PR EE N BEIX I HLIETh H 77 8 024 i & ok T T BT
O, oA R I A EA T,
PRI ESR 2 Ugpr
N 4 =1
2 % yiv#tnjwuﬁ"]%ﬂ’]ﬂ%iﬂi% :
MM AT 5 Z 3 M R Uyn)
o e A (3) LTI R HK ()
2.1 ETTLSKINHIMEHI X E 17 B E 15 ) SRR TR A AQ () E T8
N T AR A R RS R, A SR AR EWMW@MWﬁE
. < e | 4 YOS 3} A Un+1), RAER (9 |
K1 X HL 3 %Ehﬁﬂﬁfim&o TS0 I R TE I A5 [ (e Mgwl_r(n) =]
T, SR 5 I R AR R U K, BRI RR
AL KB TE o AR KB S ) BAT 42
I 6 iR, AR i Al T AR i T R
VTR n NI S 55— W2 A sk JAm TR (D HHEAQ(nt1); HRAE
, - , . 3 (3) T REK () F
WA A R A R S B R SR B E R T | [y gaonati)
W77 AT, shE MK i T 77 AQu, HALGSHTEI 77 )
N X o N i 5AQ,,(n) T (n+2) TS 2055 9 £ 1
LI & R 37 FF 9 R FB R SEBRE. U BRI JfEUE(n+)2):+f§:+EfC 0 .
TR N N N N N \ X (1D 3 AU.(n+1);
A7 — R A — O, R 31 LT \;%ﬁﬁjﬁﬁzliﬁﬁ@%
N —l Sl ML g . o Y n D s THEAQ, (n+ 1)
AT BAE T — AN AR s w47 M. B K )=5p Gy aggm| {+1 ”Q( :
LA R 5 1 T T 4 R R TICT<T7<3T) . Vit
Hah E ez Pzl Ki(n+2)7AQil(n+1)+AQm(n+l)

R \ R \ IR L
| | | I
n-DHT nT (nt)T nt2)T - (n+)T P I ]

K6 AR DA B I I % AT 424
Fig. 6 Implementation architecture of variable step size
disturbance observation method
LKL TR W 7 Fros. = AVC 1
SRR N RS S E RS, 26
n=1, W3 C1) 5 A 535 J0 2 Ty 5 9146 58
AQi(1); 10 (3) AIARYE W 4R o 2h il 1 R B 5
B KE TR E AQa(1)-
£ nT W 24T R BN )G, WD (n+1)T 1 %)
L3 WY 5 FL Ui 1) TUAE — S U815 R 3T A 5
W R LR ARG B AU(n) A

AU,(”) = Ul(n+l) - Ul(n) ( 9)
Hob, B X H ORI TC D 51 1) B R AR &
AU,-T(n)?\j
AU, (n) = AQ, (n)S, (10)
X, Sa NE Sk REUE

55 on AT B P F A3 ST 77 51 &
LR AR L & AU, (n)

K7 AR K Pl LI i 2 i A AR
Fig.7 Control flow chart of variable step size disturbance

observation method
AU[T’(") =AUi(n)_AU[T(n) (1)

H AU (n)>0, T H Ay X R 375 1) 6 T i 755 ) 38
NT<T'<2T 5 45 AU, (n)~ 0, M Ah XA 3% 1) TC )
WA AN 2T < T'<3T .

TERELY @ B 56 n DG I, HAb s m
f 0 Dyt AT AR R R AR AL B AU (n) R R TE )
RGPE Sim BEATTHEL SR LY @ TC 03R4 H A 1)
iR REE, BEERE—EHFN, b
B ETL REE S Mgl B CFHE T
RPJE SaMZEAR, FrElk M S, #i47 f 5, Al

AU (n) AU (n)
S, S,

im ii

AQ, (n)=

(12)
M HAR I uh I LE T 2T Z RS, 1R85 n NM%
DR PNz o7 B 1 P U e S0 A= 7
AU, (n) =AU (n)+AU,.(n) =S,AQ,(n)+S,,AQ, (n)
zS[i(AQ:'1(”)+AQm(n)) (13)

WAESE n ASFEHI N, K B 580 iy 5]
L P FEL S A A e R O IR e 1) R T AR A B 2 T ) %



40 5% 13 1 KBRS OB R T I 0 L B A ) 4221
N N\V
ES) AU, (n)=>_S,AQ, (n) (17
=1
AQ, ’
AU () =—— Ay )=y AU (14)

AQ,(n)+AQ, (n)

b,y N 0 AR TR E S I
B R B 4 TR T M AR, DI R
TE Tyt 7 51 A P P A A T 8 P A A i LA
HR N
, A0,
AQ,(n)+AQ, (n)

FE—NHEBZN, p 80N, WZI7 6 T DR
TP, AR A 3l H A I vt e D R 5
B, AR AN INAZIE KO, B IR
FEs R,y BOK, SISk I P KR,
WS A B B iz R R gk, £ A
A RLZ 98N DA, 5 R R TR T

AL E LA 37 385 T8 T 7 5w R K 4,

_AQ, ()
AQ, (n)

FESR nt 1 A YRR 5 2L At 37 6 42 585 n A4S A
S JE Th H 7 o BEOGS AS 37 3 T T R Y &R Bt AT 12
15, TSR N — 42 A A K, BLs R
5 I 90 R T R T R A H

RIS nt1 NG, b 0 fEThiR
T ARBN

y3 (15)

AQ, (n)
AQ, (n)+AQ, (n)

2 Ho At 37w R 5 SR SIAE S w0 R R 2~ 3
BRI, Sl ¢ 22xd 2 AN R e A I 2 0L
fib3gy ki T Th % I R R L R R RE I . BRI S
o AR 2 a1 AN 9T 00 T8 D s A s I 21 1)
HUERAE, KRikE nt2 WA RRTLIEK, #
AR WK 7, XEAHIR.

2.2 EERINYR A B X R 17 B T 47 ) SR A%

E R EE T AR D AP B I 1 XCH 3 H T A A
2% 3t I I Bl A AR TS T R D K R A5 3
FF 008 R IR B PR M BE NS X, (4R R T, ]
REAE 25 37 3l T Dy ) SRS A . N BLEARD K
e EEAL b, IS LI AR, A
HENAEIE .

HAR, fER-— R EMEF, 24096511817 K
L3 2 T8) B P T R 45 R R AT R N

K.(n+1)=24y= (16)

H T &30l A s R R &, S, 0 S A Z A
Ko AEGE Sy=Su Cigj), WKt (17) LN

NVv
AU, (n)~ S,y AQ; (n) (18)
j=1

FEPAT B T R R — RG-S WIE], 353k 0 [
USRI DR SR ER RN

Y AU (1) =S, Y A (1) = Ny S, D A0, (1) (19)
X, NNRETE—RIEL)E AVC Tk 58 %
WA R B BAN, LE R AT A 56 1 Th i
WEMZERK, BE AQ(n)~AQu(n).
xR (19) 77#H
1 U, -U,

1 N
AU.(n)~ — —<——
NWSii ; l( ) NW Sii (20)

ZAQH (n) ~

S, U, oI S
L, Ay RSB 3h T, R

84 3 205 R

D00, (n) = - ) =

w S[ i w

AQ, (A +17)
21

X, AQ ()N IHE TR —XKIELEINHEY i 1£4]
EHEIRE PP ERI B AME S p ATLTIEH T
Mg (RCREN 10%).

FIRTET) A A RIE TR —IC R
(1) %5 R I B AT IR I AL B 3 5t IR BRAE ORUE L
JE R E LA b, SCERERE R JETh ) AN 8 i
s BERR LRSS RER, Y& XNET LY
M BE 22 S R, — WRIE SR TG T H 70 ¥ 48 FE T e H IR
K TETh 1R B BRAE I, XA 37 3 0 A fEL R )
RHENBEIX HIE L

BT UL R, % 8 Fron o LIhE 4R
HE MARHEAT 7 563 . BRI H M B Uln)
FHENH RS X, AVC T 36 AR 48 A8 25 K 4 30 00
B E TR A AQ, (n) Mgl @ Rt LI )

3 A0, (k) -

S 96 i I B 1Y AQ, (k) N T4 LR



4222 BT R % i

2025 % 7 H

I, el i K85 5 HIAT, KRR D KIS
ML SRR TN AR 2 AQ, (n) TR F X L3 T )
U, FFRENTE — IR A

R ETE S Uy

T =1
|

IR 55 B Uy(n)
BENFEIX?

AS
H

n:nzl

HRAGAZ A AR SN2 S T T
cA _ [Urer~Uin)]
By AQ;(m)=K(n)

l

ﬁﬁ%ﬁ@ﬁ%%&ﬁé&%@

ii

FIHE LA, (1)
R R L R T

I 1 U Uy
. > —ref -0 5
IZ‘IAQ' l(k) NW Si[ (1+'7) :

AQ,,(n-1)~0H.
AQ,,(n=2)~0?

AS
=

H A3l B T8,
ARREE S s TE D B gt AT R
W, MEATEDE LR

U U, el
A0, ()= 5= =S (1) £A0 )
K8 Ly th A A E i

Fig.8 Flow chart of determination using total reactive

power output constraint
Sk T RS AQ, (k) A FIL o R

W, FIWTEE n-1 A1 n-2 AN JE B 8 HoAh 3 36 1) 6 T
71 AQu(n=1)F1 AQ,(n-2) BB HAE, £HAE, i
B FC At 37 3 T I H 708 B BRAE,  ToVE AR 5 H A 37
T S Y i S R NS X, X3
whi @ I 5 AR T 20 TG T A R 3 9 R
BRI B ESR &5 n-1 Al n—2 A A HAh 37 06
T IR 0, U B H Al 575 T DR 1 e

ZH5HET, X y5E KRR G DA 2
FE, K H oD s 3 2 s IR B S 33k ) T T i 7
J& 8 AR S At 3 5 o D th AT R . fE
i AT, uk i 5 0 MR AT
ERS)

UO

1 U~ 3
AQH(”):_'L(l“'n)_zAQn(k) (22)
Ny S, o

il

3 EMIME

3.1 HEEHIREA

ASCELE 1 B KRS B3 D 91 6 A SC P 4 7
R RE . 2 KRR KU I 3L A R AN AR
JEas A EHME, NESEESHNE 1. FHH
DTG AR o R BR AR, KB HLK 2.
WIE N2 25 11, LY 1.00(pu), KR 390 5 F
kB HIFE 3.

F1 REHEESH

Tab.1 Wind farm capacity parameters
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A 371.8 400
B 634.5 750
C 196.4 240
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Tab.2 Wind farm feeder impedance
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Zice HHIHC  CHERZL (12.6+36)x1074 0.099
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Tab.3 Voltage parameters of wind farm grid-connected point
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Fig.9 Voltage curves of each wind farm grid-connected
points under three scenarios when reactive power margin
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Wind Farm Group Voltage Control Strategy Considering Both
Regulation Speed and Reactive Power Equalization
Zhu Xiaorong' Liu Wei' Ye Shigi' Zhu Dandan* Xu Xiaochun®
(1. Department of Electrical Engineering North China Electric Power University Baoding 071003 China
2. Electric Power Research Institute State Grid Jiangsu Electric Power Co. Ltd Nanjing 211103 China
3. State Grid Huaian Power Supply Company Huaian 223001 China)

Abstract Under the two-stage voltage control architecture of provincial regulation, the superior dispatching
control center directly sends the voltage command value to the automatic voltage control (AVC) sub-stations of
each wind farm, and the AVC sub-stations of each wind farm in the wind power cluster independently perform
voltage control without communication with each other. In this case, the AVC sub-stations of each wind farm can
only obtain the operation data of the local station. The high efficiency and accuracy of reactive power allocation
cannot be achieved through AVC master station, which makes the voltage regulation efficiency of wind power
cluster low. In addition, due to the different response time of the energy management platform and the wind turbine,
the voltage regulation response speed of the wind farm is also different. Wind farms with fast regulation speed
bear more reactive power, and wind farms with slow regulation speed bear less reactive power, resulting in
unbalanced reactive power and waste of reactive power regulation capacity.

Firstly, this paper analyzes the influence of reactive power regulation period and regulation step of AVC sub-
station on the voltage control of wind farm grid-connected point. Considering that the operating parameters of
each wind farm equipment in the actual system are relatively fixed, the reactive power regulation period is not
easy to change, and the fixed adjustment step cannot take into account the adjustment speed and adjustment
accuracy. Therefore, this paper focuses on improving the voltage regulation speed of wind farm by changing the
reactive power regulation step length.

Secondly, because the voltage of the wind farm grid-connected point is not only related to the reactive power
output of its own station, but also affected by the reactive power output of other stations, this paper proposes a
voltage control strategy of the AVC sub-station of wind power plant based on "variable step perturbation
observation". This strategy changes the output reactive power of the wind power plant, and then measures the
voltage change of the grid-connected point, and evaluate the influence of voltage control of other wind farms on
the wind farm grid-connected point, dynamically adjust the reactive power regulation step of AVC sub-station,
improve the voltage regulation speed of the wind farm, so that the voltage of the wind farm grid-connected point
can enter the voltage dead zone faster.

Thirdly, in order to improve the reactive power imbalance in the wind power cluster, the reactive power
constraint relationship of the wind farm stations in the cluster is established by analyzing the voltage reactive
power coupling relationship between each wind farm, and considering the difference of the reactive power margin
of each wind farm station, the variable step size control strategy is improved, and an improved wind farm voltage
control strategy considering reactive power constraint is proposed. The voltage regulation speed and reactive power
balance of wind power cluster are considered.

Finally, based on the operating data of a wind power cluster in East China, a simulation model of wind farm
convergence system is built to verify the effectiveness of the proposed strategy.

Keywords: Automatic voltage control (AVC) sub-station, reactive voltage control, variable step size, disturbance

observation, reactive power constraint
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