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Active and reactive power optimization control strategy for wind farm fault
ride-through based on model predictive control
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(1. State Grid Hunan Electric Power Corporation Research Institute, Changsha 410007, China;
2. College of Electrical and Information Engineering, Hunan University, Changsha 410082, China)

Abstract: Grid events may cause a sudden change in the wind turbine terminal of a grid-connected wind farm, resulting
in wind turbine trip, thereby threatening safe operation. To solve this problem, an active and reactive power optimization
control strategy for wind farm fault ride-through based on model predictive control (MPC) is proposed. First, the total
active and reactive power reference value of the wind farm under fault is obtained through droop control based on the
point of common coupling (PCC) voltage. Secondly, based on a prediction state space model of the wind farm and a
power-voltage sensitivity calculation formula, the mathematical model of the optimization problem based on MPC is
established to minimize the voltage fluctuation at each wind turbine terminal. This problem is solved to obtain the active
and reactive power reference value of each wind turbine. In the case of deep faults, the Static Var Generator (SVG) control
is coordinated to compensate for the system reactive power shortage to maintain the stability of the PCC voltage. The
simulation results show that the proposed control strategy can quickly and effectively stabilize the PCC point voltage and
the wind turbine terminal voltage within a reasonable range, improving the fault ride-through capability of the wind farm.
This work is supported by the National Natural Science Foundation of China (No. 52077065).
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Fig. 1 Structure of wind farm
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Fig. 4 Diagram of wind farm power flow
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Fig. 5 Diagram of wind farm optimized control during FRT

K5 v, B3 il B i T A3 PCC
HL R S 45 X7 B A T ETh 2 51
5 AN BUR SR XA B R (I T 4%
R 45 2 KU L7 8 Th R 2 5 AL IR 73 Bl 25 6 5 X
WL, DRAE R S 8] DA77 A AL i HEL S A R AT Y BT Y
WRIEHIET SVG 2 55, IR4E R G LUk A5

I

|

|

I

I

! 3 el of el
| IWERAICE] B OGN gy ) R ORI
I N

I

I

I

I

I

SVG il 25 K122 Hiiji .

FL Rt R ST 1E], KU ) PCCHL T B 7 5 52 3
SO, RN AR, K PCC HE P2 il 7E 0 E Vi
PN L7y o 2 B ) EE RT3, RN B T AR E
B RT3 ra A L L o U UL o % KU L
I B TP AT A Az E M A B« 7E PCC AL
SR FH T 425 1) BE DR [ 38 S g AT D 2 L 1
FE R Rt 2 8 SR Y T A

PRI, AR 72 U7 9 R R Ak 23 ) L A T/
T - TE ARG R N B2 H A I 5T
oz, A I-Hs N T E 6 s,

1)
[

A F

Ld

T 2
6 BINEBETETS
Fig. 6 Active power voltage droop control
Pv:/elz =AWUpec —Uy) + PV(\)IF (9)
Q\;;L =aUpec —U) + Qi
X 25 a 535N E L Th-HE N6 RGP
5 Qi AMANRAHIA S HEA T ST Upee N
L7 I 5 LRI A, Upee €[ULUn]s Uyl

NW NW
HUEAUEL: Pae =2 Po » Que =2.Qw » Pu 5Qu
i=1 i=1

Sy RIS 42 FHL h JE R TRG . KB
(FITEThiH JTER A QiF < Qe <QuF - i,

Qi = 2@ —(55™) ~(sR.)")

- (10)
QR = 2. Q" (S5 = (sR.))
_—v 3X,) o
Qs - 2X5 \/[Uslrmax zxsj Ps
(11)

2 2
Qsmax :_3US + Uslrmax& _Ps2
2X 2X.

s P AIQ, 43 A DFIG 52 Tl Th L e Thiin e,
Q™ A1 Q™™ 435I DFIG & T-MITCThid i 1~ R AN
FBRAE; MR RRE | B KWL |, N DFIG # 1
] FL A K AH s U, N DFIG & Tl g s X, 5 X,
IrINNRE TIRPT S AT S NI AR i 2% A



-16 - Y EE X T EE S

By s NFER, EHMHERLT, &R

HIE T F7, AT AR KR AT E TG &
BEG TCT H F7IR SRR .

B 1-Upee| >10% B}, Sy T ARIE R TH %z
SRR, RN SVG #24E, SVG £
HIRE N 7 B, %A B R 5
T ThFR P T 4y, 7E SR BT 3 T T I [ B 4
SVG H i EMFRE

‘ m”
7 SVG EHIIER

Fig. 7 SVG control block diagram

SVG £ Eﬁiﬁ?‘ﬁ%ﬁﬁﬁ/\ﬁ?}
i;f - 3Upcc [Q\m ZQMJ

3.2 XEIFHEEMRITH

SRR FE . TEThE AN X K LT
FR AR ] o 2% FE B B 5 815 R AN NARRAE ,
AT DK R R UL ) T 2 4 1) B A0 R — PR i S
AL, sC@3) . Hd, To . T 4R R
MUA Th 2R 338 5 0 Th Th 2 33 24 1 ek ) 5 4,
JHHE 1~10 s,

AP, =

(12)

L — AP
1+T,s
AQy = — - AQ{]

1+TJs
132 XA D) S D RS T2 N
AP, = AL AP, + B AP

{AQW AQAQ,, + BIAQK
A, AQy « ARy, Z3 il s il A P F 4wl EAE
S5z 2, APy @Py -Py, AQY @Q) -

Qw . Hr,

AP, =[AR, AR, ,L ,AR, T’ (15)
AQ,, =[AQ,,AQ,, L ,AQ, 1" (16)
ARG =[ART, ARST L, ARTT (17
AQY =[AQY, AQW L, AQYT (18)

(13)

(14)

A, =—diag[L/Ty, . 1/Ty, L /Ty ] (19)
A} =—diag[l/Tg 1/T3 L 1/T3] (20)
By, =diag[1/T,, 1/Ty, L /Ty ] (21)
v =diag[L/T$ /T2 L 1/T2] (22)

KR & S RAS 23 ) R v] AR AR N
A= AAX + BAu 23)
Ay = CAX
Hrp
AX = [APWl ARy L AR, AQ, . AQ,, L .AQ, |
au=[APE  ARS L, ARE  AQE , AQ L ,AQ |
Ay = [AP AP, L AP, AQW AQy, L ,AQ,, ]T

(24)
WERERN AT, HIELARE TR TR
B, 153 X LI B HCIRAS JT BN
Ax(k +1)= AjAx (k) +
{Ay(k)=CAx(k)

P

+B,Au(K) 5

ﬁ;qj,
A, =e™" B, j e™dt (26)
e 5 B 1) 5 DX e R 5 R 0 R A L iy B DA 20
YEFRFLE R E JE A A BE LR UE XA IR, R HL% S
PR e 2 R . Ay T S A 2 A 1] XL s FEL s 1)
ik, G2 E A, Ak B AR B sME
AL R SAUEE Uy w2z, R

) 27)

NP
F,=min(}_ Ul (k) - Uy
k=1

Ak, UG () = [Vl (0.5 (0L Ugr, ()] 28
DT 7 B R O 6 . RBLS
RN 53U D B hh Rkt %, R
MR, IR RBUE RAC (SR BLI
Pefk 5 A

e oU,, oU,,
Uy, (K)=Uy, (&) + ﬁAPW (k) + @AQW(k) (28)
v, |ou, au, | Uy
Py | ORy Ry, TRy,

(29)

v, |ou, au, | Yy
aQy, | Q, 'Qu, ' Qu,,



BB, F

SRS TN 1) 14 DA F 37 s 2 AT D DDA ) S - 17 -

S5 A b AR AT A A ) SR 2 — i B R
Wi DIRESR AR T, & RWLKA DhTh RS E %
SELLBIREAT 20 0E, R

F, = min&npw (t,)+ AP, () -PP[)  (30)

e Ry (ty) A2 1Z TN & 3 0 2% IR LA Thifan HE W46
MEEHmE; P NZELEI A T XNLIA IS
%{Eﬁ”ﬁﬂ%y P\ZD = Pvr\f; / NW ’ NW ?’\jm*ﬂ/l\iﬁo ;%L
SRR ]

min(W,, F;, +W,,F, ) (31)
Hr,

W,, =diag[ W, .L W, | 2

WPD = diag [WPDl’L ’WPDn]
A, Wy, - Wop 2585 REF F L F, IOAUE 2%,
¥IRT 0,

FR 4 XL AT Sh R Ve, 4540 10) 0 E R4

B E A SR L RN

0=<PR, K)<PR, (k)

Qu (K) < Qy, (K) <Qy (k)
AKrh: Py FRRHLATHBENTIZE; Qu 5 Qu 231
RNRHTEThThE E IR R¥E E—F0H8, KHLE
Tl Y S KWL Thif A%, B Qu = —Qu, =

JSwre” = Pu’ + Swre ARWLAIAE 25 5
IEHAROUT, UL I A0 D 75 2 R 4
PR EDR (HAEREIE LT, MRIEEE— BB PCC
AT AR ISR AR S MRS EE, R
IES & KWL IS HZMET K 8 H h 2
HAH, RHIZN LIS HEET I KL 2
%105 SVG MEMSHHIAM, FEALFR KN

Ny Ny
Pue = D P, Que = QW +Q&c (34)
i=1 i=1

R bR DU ] AL AR AE K — R ]
R, SR A SR AL,

37 MPC il 23 AE B U B 8 o, Herp AyP*
NERG RS EHIME . R 3 B IR ST 2
(25) S I XA LAT Th R e Dhdan i 3 &, JFAIAT R
BT S5 2 HAR s AU R A, R
WEBSKR R 2 R Gz m AL &, R T X,
I ST IRy IR

(33)

I, - e
N ! ot v
e g B 012 BEVREN P )

I min 7
»

A\

Y

Y
< A (k) 200 .
' A(25)

AUE (k)

8 XE23% MPC {5#I4ER]
Fig. 8 MPC control block diagram of wind farm

4 {pEIE

B S 64x6.25 MW XU IR & FELZEL I
KN IEEEL4 15 sl 0L R 4GeH, 7 Matlab/
Simulink 4717 FARIIE . B E MPC =il i #10 1's,
TR 5 50 9 1 Uk WY T IR F b7y i e 2 s o
TSI R, FEA R EET L NfL4 i T PD
(180 DR FEL 7 S 43 P ) R 4% o) SR 5 T 4% ) SHE i e
1T TR . AR48 PD #5HiIX PCC it LTk H
PI #1322 %1E, N AIZ%5E
WS BR R TSO R AHI4E S, FFH. PD #2] % X
TR BN D) X TS D S A # A A B3 T A 6
ZEAR NN & H 53], L4 PD #2H1k
DiA PI ZH S prfd s ing T R S HR Ik 1
iz

7 1 1545 PD 1=5%I ST HRITHI SRR SR

Table 1 Traditional PD control and the proposed

control strategy parameter table

Jiik ZH PCC EI¥F  PCC LI
&5 PD $ib1 Ko - 2.045
Jiid K, — 80
B ‘UPCC_UN‘<O'1UN 0 -2
FTHEE T ik
Upee —Uy|=0.1U, 0.6 -7

* 19K, 5K, 752 7R PD =7 G
IR P2 35 1) L9 R 5835 R4 P4zl 7
PRYE PCC HL R 540w H R 1K ZAE IR/ i
SE AR T TG Th R 1 R 5

1E 2.5~3s J 5~5.5s PN [H] BL o3 ) s EAR R
il e 5 R, ) B PCC s H R AR LTS LA
(0.9~1 p.u)5(1~1.1p.u). B 9 ME4: PD HA K
B B N XA 1 PCC s LR TR EL ] iT DL
3K F BT B4 ol SR W e A 8 AR s 3 e i) PCC
MRS, WSGEEER, JfH5%4% PD HESAH
Bl XoF H s g 222 (1 28 FRI AR TN R 3, [N e A R



-18- Y EE X T EE S

AR VR A2 30 1) E B e ol H

1.2+

1.1

1O ‘\ r : |/
0.9F -~ — IRIAPCCARIR

— k4 3
—— AR %

PCCi /v

4 5 6 7
1ls

1 2 3

9 TEHEHISEEE T PCC KRt L&
Fig. 9 PCC point voltage profile comparison with
different control schemes

P 10 0 b R I ) WTL f 3 R TR T
b AT O, WRE ] WTL i o RIS, BT R SR
SRS, RESEAFHuaN] WTL I H e (38
gy, R HLAERFOE RTATIN , IS AT I [ 3 A2 b 7
E, HAESRE 5 A ORI, AR S,
AR R, $RTE T KWL 2 AR RE.

1.2

=)

JAHLH s /pau.
b

0.6 W

0.4
0
t's
10 WT1 ShEE
Fig. 10 Voltage profile of WT1

FE A [ 8] 0 B SE SRR B B 51 2 PCC A
H B 7E(0.8~1 p.u.) 5 (1~1.2 p.u.) A A4, AN A 45 5
B~ PCC s FLE 5 WTL s FEUR S an P 11, & 12
Fizk. ATLAER], K e e ) 4l 5
WS RESr 5% PCC ML EHRTHE 0.86 pu 5FEMLE
112 pufits, Witk Sk A REdE T2 0.82 p.u. 5 %
2 1.15 p.u i A, PR il SR ns U S R RE SRR A,
R I X R AL LR S A (R Z 5 N, e
T by ST PR HEL 37 PR A% e 2 el

TR FE b 31 8] XU 3 Th B e Th A8 Ak an ] 13
Bl 14 FoR. fIRH sy XU e e T DA
TR, e R s s X 37 RS TG T AR i X
R FEAL PR (R BRI, e 3 1) 42 1) SR s A7 2 P
&7 KA i, #iRCTh SRR R R R
TG EN, HEHEA e LhiE, 25
VIR VIR i

RNV

PCC

JAHILHL Hs /p.u.

R AT I Eh %W

R B35 T2 % var

—— TRHPDYEHI T %
— R R
4 5 6

Us

—
1.0
0.9+ | i
0.8+ el
v
3

2

11 REIEHIREE T PCC mE E KT ELE
Fig. 11 PCC point voltage profile comparison with
different control schemes

0.6 1
0 2 4 6 8 10
tls
12 WT1 i BB 5% 2
Fig. 12 Voltage profile of WT1
4 %10
e N lw
\ \
u\“l bt
5 \
1
— WALH A A
— ki AT e R
0 i
0 2 4 6 8 10

s

13 REIZAINNR

Fig. 13 Active power output of wind farm

4xm"
\’/‘|
2 | L‘
- ~ |
f P
of /
|
Ll R |
u —— SR L
| —— R A D
% > 3 6 8 10

t/s

14 REBIHTINTHR

Fig. 14 Reactive power output of wind farm



OB, 5F

SRS TN 1) 14 DA F 37 s 2 AT D DDA ) S

- 19 -

5 g

AR SR H T AS R T ] ) XL R A i
AT D) S T DA i g, 38 7E PCC AR
SRR E SRR R R SRS, IR
& SVG AT IC Dy LIS E PCC s, KA
T MPC I 75 A0 R F 3 ) BB R FE
PURIA D S ey, 5 X0 r L Fe s s A
ROt e ATVO N . (TR REN] . Sikgiist|
FEMEAHLG, PRz s 7 a5 R sEn
A RO AR PCC A s XU K R AL H s 5 0
SEAE R mZE, S0 5 i B, RN 3R T X
R TC DR L, DRAIE SRR R 37 ) 22 A P SE IS AT

AN FERE T SVG LUK & &S5 KT
PR, B 75 A G IR e ST R AR A B
AR A S A s BT IRl. A A K
[ PG 2 EoR B4, BRI AE AN [R] I T) RUBE B 732
VAR B R A IAB AT, ST H Il e 2
Fe AR BE— BT FT I i)

S Hk

(1] Salfds. e oo 71 B it B TS ) i LS 8 5 8 4 i 20 A [J]
HL R GRS S, 2020, 48(16): 163-170.

LIU Wei. Analysis of voltage stability countermeasures

under a severe fault in a power grid[J]. Power System

Protection and Control, 2020, 48(16): 163-170.

[2] LI W, ZHU M, CHAO P, et al. Enhanced FRT and
post-fault recovery control for MMC-HVDC connected
offshore wind farms[J]. IEEE Transactions on Power
Systems, 2020, 35(2): 1606-1617.

[3] XU Da, WU Qiuwei, ZHOU Bin, et al. Distributed
multi-energy operation of coupled electricity, heating and
natural gas networks[J]. IEEE Transactions on Sustainable
Energy, 2020, 11(4): 2457-2469.

[4] Sk, £, R, & NHEZEFEERN RS
W B 2 R B A R B T 0], R R GRS B
2020, 48(10): 131-138.

ZHANG Qinzhi, WANG Bin, LI Yan, et al. Research on

fault crossing coordination control of a wind farm via a

flexible direct current transmission system[J]. Power

System Protection and Control, 2020, 48(10): 131-138.
(5] Mk, IR, AN, 5. R RHUREER I R oAb

i), FE FLES, 2019, 55(4): 193-197.

WEN Dong, JIA Rong, HAN lJie, et al. Reactive power

compensation calculation for large-scale centralized wind

power grid integration[J]. High Voltage Apparatus, 2019,

(6]

[7]

(8]

[9]

[10]

(11]

(12]

[13]

55(4): 193-197.

B b, ZRO00, 2EE, 5. BRSNS AN
e VE RS L EREME T P]. B RG R 51
#ill, 2018, 46(12): 108-114.

DUAN Guizhong, QIN Wenping, LU Ruipeng, et al. Static
voltage stability analysis considering the wind power and
uncertainty of load[J]. Power System Protection and Control,
2018, 46(12): 108-114.

SHI M, CHEN X, ZHOU J, et al. Advanced secondary
voltage recovery control for multiple HESSs in a
droop-controlled DC microgrid[J]. IEEE Transactions on
Smart Grid, 2019, 10(4): 3828-3839.

Frr, BHAR, AW, & XUBK R LA TG D
HURE K T Dy ) S0 [3]. b s L R 244, 2014,
34(16): 2714-2720.

WANG Song, LI Gengyin, ZHOU Ming, et al. The
reactive power adjusting mechanism and control strategy
of doubly fed induction generator[J]. Proceedings of the
CSEE, 2014, 34(16): 2714-2720.

FRA I, KB, L, SR NP HL ) R R XU
A IS R AL 2R 40 R AR I K TR0 00 A% 6t 55 W 8 2| SR s
[0]. HETHEAR2EIR, 2018, 33(H T 1): 193-204.

KANG Yilong, ZHENG Tingting, MIAO Shihong, et al.
Coordinated control strategy of series and parallel grid
side converters for DFIG system under unbalanced grid
voltage[J]. Transactions of China Electrotechnical
Society, 2018, 33(S1): 193-204.

RIZLEL, #4557, BhiR. 25 8K 78 3 o AR e 1
TTFERI SRS [I]. B AR S0 TiAME, 2017, 38(3):
167-172.

LIU Hongzheng, FAN Yanfang, ZHONG Xian. Reactive
power control strategy considering transient voltage stability
of wind farms[J]. Power Capacitor & Reactive Power
Compensation, 2017, 38(3): 167-172.

MORSHED M J, SARDOUEINASAB Z, FEKIH A. A
coordinated control for voltage and transient stability of
multi-machine power grids relying on wind energy[J].
International Journal of Electrical Power & Energy Systems,
2019, 109: 95-109.

IR 1 R AR T R R AR R R i T 2 A [3].
L1 RGP S5, 2020, 48(16): 163-170.

LIU Wei. Analysis of voltage stability countermeasures
under a severe fault in a power grid[J]. Power System
Protection and Control, 2020, 48(16): 163-170.

IR TR BV, A CDAME RO AN o AT IR P
(7 (T H AR A Az ) SIS I A2 [0, B RGBT 545



-20 - Y EE X T EE S

], 2020, 48(18): 38-47.

LE Jian, ZHOU Qian, WANG Cao, et al. Research on
distributed optimal control strategy for a distribution
network based on the cooperation of DGs and Var
compensators[J]. Power System Protection and Control,
2020, 48(18): 38-47.

(14] AN, EdhfE, jKEEZ, 5. TCSC-STATCOM #ii

Xof IKCERLIE I Z2 48 F R A E MR G [D]. #8 RGEIR T
E¥5s4, 2017, 45(22): 90-95.
ZHENG Liping, KUANG Honghai, ZHANG Shuyun, et al.
Voltage stability improvement of wind power integrated
system using TCSC-STATCOM control[J]. Power System
Protection and Control, 2017, 45(22): 90-95.

[15] BEZ, x1E#, mhe, & RA T XEGR#E IR
M2 PR 4 1) SRS 3], FE D R L H AL AR,
2017, 29(11): 81-86.

TANG lJie, LIU Baiyang, GAO Shiran, et al. \oltage
control strategy for STATCOM used in wind farms[J].
Proceedings of the CSU-EPSA, 2017, 29(11): 81-86.

[16] SAKAMURI J N, RATHER Z H, RIME J, et al.
Coordinated voltage control in offshore HVDC connected
cluster of wind power plants[J]. IEEE Transactions on
Sustainable Energy, 2016, 7(4): 1592-1601.

[17] KARTHIEYA B, SCHUTT R. Overview of wind par
control strategies[J]. IEEE Transactions on Sustainable
Energy, 2014, 5(2): 416-422.

(18] Z=AEpR, RN, THER, 25 SRSt N i A

ELIRALR R T Sh 8 2 BT 7 [0]. i R4S
130 5, 2019, 47(13): 1-7.
LI Shenghu, ZHANG Yifan, YU Xinyu, et al. Research
on balanced reactive power distribution of wind farms
with improved droop control and double-layer reactive
power optimization[J]. Power System Protection and
Control, 2019, 47(13): 1-7.

[19] ZHAO Haoran, WU Qiuwei, GUO Qinglai, et al.
Coordinated voltage control of a wind farm based on
model predictive control[J]. IEEE Transactions on
Sustainable Energy, 2016, 7(4): 1440-1451.

[20] GUO Yifei, GAO Houlei, WU Qiuwei, et al. Enhanced

voltage control of VSC-HVDC connected offshore wind
farms based on model predictive control[J]. IEEE
Transactions on Sustainable Energy, 2018, 9(1): 474-487.

[21] ZHANG Baohua, HOU Peng, HU Weihao, et al. A
reactive power dispatch strategy with loss minimization
for a DFIG based wind farm[J]. IEEE Transactions on
Sustainable Energy, 2017, 7(3): 914-923.

[22] WANG Z, WANG J, CHEN B, et al. MPC-based
voltage/var optimization for distribution circuits with
distributed generators and exponential load models[J].
IEEE Transactions on Power Delivery, 2014, 5(5):
2412-2420.

(23] FKmEHE, BUdAR, AHET, &5 A DFIG JLHIRE I

3 X H I A D s K s ) SRS A 9T [3]. o AL
TR, 2017, 37(7): 2001-2008.
ZHANG Xiaozhao, DUAN Jiandong, SHI Xiangyu, et al.
Research of maximum control strategy with dispersed
wind power considering reactive capability of DFIG[J].
Proceedings of the CSEE, 2017, 37(7): 2001-2008.

[24] HUANG Sheng, WU Qiuwei, GUO Yifei, et al.
Distributed voltage control based ADMM for large-scale
wind farm cluster connected to VSC-HVDC[J]. IEEE
Transactions on Sustainable Energy, 2020, 2(11): 584-594.

[25] HUANG Sheng, WU Qiuwei, GUO Yifei, et al. Bi-level
decentralized active and reactive power control for
large-scale wind farm cluster[J]. International Journal of
Electrical Power & Energy Systems, 2019, 111: 201-215.

WA HER: 2021-04-23;
fEEEN

B O3(1986—), B, HE, I, ARTMAELH A
GARE AT 5424, E-mail: cuiting0245@163.com

FEF(1993—), *, @feteH, WL d, ARLH
16 79 7 A% R K B R Ged b AR HALIE AT 5 454 E-mail:
Ixp1993@hnu.edu.cn

B v (1997—), B, MEHRL, AT AL
#H B R AZITIEH) . E-mail: yanchang@hnu.edu.cn

(% 42/ W)

&EIH#A: 2021-06-23



