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Research on Voltage Coordination Control Strategy of Wind Farm Based on Hierarchical MPC
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Abstract: Aiming at the problem that the voltage stability of weakly connected grid-connected wind farms is
susceptible to wind power fluctuations, a hierarchical model predictive control (MPC) based coordinated control
strategy for wind farm voltage was proposed. First, an adaptive adjustment layer was established to predict the grid-
connected point voltage based on the wind farm’s reactive power compensation capability and active power prediction
information, and to achieve adaptive adjustment of the grid-connected point voltage. Secondly, a reactive power
distribution layer was established, through calculating the reactive power capacity required by the wind turbine in
reactive power compensation, its reactive power output according to the reactive power margin of different wind
turbines was distributed. Finally, the voltage control error was corrected according to the feedback information of the
tracking control layer, so as to achieve effective control of the reactive voltage of the weakly connected grid-connected
wind farm. The simulation results show that the proposed reactive voltage control strategy realizes the adaptive
adjustment of the reactive power output, and can effectively solve the problem of reactive power shortage in the wind
farm. It guarantees the grid-connected voltage control of the wind farm in various situations stability of layers. Through
hierarchical MPC, the prediction information at different time levels in each layer can be efficiently used, and the
control of different time scales between each layer can also be effectively coordinated.
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Fig.1 Hierarchical MPC control structure

HRYEE 1, MPC H L1 R 431 = )2, )2 MPC
Y338 b R A ) R S LA T ok S AN [
B AN [F) J22 22 1) 1 i [ 42 ) e 26 SR XL 3
ToTyEL A il ) e R

2 5B MPC # % ek 52 31,

21 REERH

T XU 37 19 R AT, L BEL/ L T (R/AX) 85
K, LR B ok 3 RS 250 Bk
KL R G 5 s B N, b~ ST AT,
HH R IR U B4 T U, HoAth ™ 5o PO 5 5, Al
KT PR 0 AR R R R L LS R U,
Z IR

1 0 .. 0 .. o0 7MU] [uS
Yo Yy, Yy o Yy |U, I,
Yil YiZ Yii Ym' Ui ) Ii (1)
LY Yn = Yy YuwllUyd LUy |
K YR PO SRS T S B S  hEE
;LL& ’ LE[2 ’ N]o

Xt OO REFEREAT 5% B, 753 U A 1 R BH U
et R 2
61



WA AR 20224F H 52K H 1

EEFF LT o B MPC R & 3 b R P 4 ) R ek AT

Ul 1 0 .. 0 - 0 U,
U2 Yo Z22 e ZZi °t ZZ;‘\‘ ]2

s : : : : : )
U, Yo Zy o Zy 7 Ziy || (2)

LU LYm Zy  Zy, Zuwlli, |
oy S 2R e B IS S A5 B S 9 R R A
Z 2 PQ XS s B R
A (2) R T A 0 HAB T S FL A R
0, M5 57 L U AN R TR
YUy + Z, 0, = U, kj=23N  (3)
Horp 1A BT S AL, L T X R A U
Q,, P K33
P, -i0,
"o v
P UF R SRR SEHR s U R kT LR
R
¥ U=y, UARAK(3) AT 155
(Uy +jUNUE = UM + (R, + 3X,,)-
(Py = j0) = Uy + iU (U = jU")
ey 23 =R+ X,
P2 (5) I, IF 53 KRB U X Py, Q10 i 52X
DL U 3 P, QR SR TS AR A U2 =
(UF) + (U™ TSR0 8k TE AT RS 4
AR 2 22 [0 (1 52 A0 280, R 2R
b, _ 1 ou” v

(5)

GP,; —Uj [U;re( apk )+ Ujim( aPk )] (6)
an-_ 1 U an"" Uin (‘)Uji"‘
an_Fj[j(anH ’(T@)] (7)

KU /0P, AT R RUE R 0U 100,24
ToYI R RABUE 7488
22 HWBEMATE

TERHL S 5 L 2R G2 0 I I Ab , XU 7 D 6
W B 25 5y W I I AL L Fe 7 A 5 e, K H i 22
AU A D846 AP DL R Te T84 AQ Z 1] 1 3¢ &
FE S

U e U e

AU = pys AP + 20 AQ (8)

R 0UJOP 90U,/ dQ 5351 A HL 375 5 W ) 3
I Kb 7 D RN TG T H R R AR R B

SRy SR PR A o RS E) - g
O FRASHBELS G, T Z AR A D) 270
IR XS O i 30 g B A 3900

T R PE R (8) nT 45 2 o e 22 5 A Th AR
62

218 1 5 5 AU, = (U, /oP) AP, FEAR R K 5K
1 min B DT LA B 24 i i 20 64 1 190 e it PR A%
IR 1 min (9 HLUE BN E AL . JE0, K
L T 122 Ak il 2 45 XU Pk 37 9 T RE D AR 45
AZRAS I 0 A BR 9 T pth £ i I AR 3 A BR 37
JF it 2 0 P S 98B i 4 ok XU PR 37 i 4 R
AT AE o (8] 2 S UL S0 I HL T 3
PR
(mmmmznm NS bioy. )

——

EEE GV DERYIE STTRIIECHSY
TN I 199 i red P 2 A

I

____________

N -

455 NG TERE T
SR SR A PR 9 Y

RiiaE WAL I A D
R IPRL || AR KRBT TEH
N @

Y
(s in e A B T — bR )
P2 I P L R 1

Fig.2  Wind farm grid connection point voltage adaptive adjustment
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Fig.3  Wind farm simulation model
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Fig.4 Simulation results of wind speed growth

curve and grid connection point voltage
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Fig.6  Simulation results of fast fluctuating wind speed

curve and grid connection point voltage
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