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Abstract: To address the challenges of coordinating multiple frequency regulation resources in
permanent magnet synchronous (PMS) wind farms and mitigating excessive reactive power
fluctuations during frequency regulation, a model predictive control (MPC)-based coordinated
predictive control strategy is proposed. First, based on the structural block diagram of the
underlying controller in PMS wind farms, a dynamic model of multiple frequency regulation
resources is established, elucidating their mechanism for participating in main grid frequency
regulation. Then, combined with the power system swing equation, a grid frequency response

model is constructed to accurately predict the system’s frequency dynamics during active power
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disturbances. Finally, with the optimization objective of suppressing main grid frequency

deviations, the coordinated control of multiple frequency regulation resources is achieved while

comprehensively considering the physical safety constraints of each type of regulation resource.

Validation using a two-area system demonstrates that, compared to traditional droop control

methods, the proposed coordinated predictive control strategy increases the lowest frequency

point of the main grid by 0. 06 Hz and reduces the wind farm’s reactive power by 2. 4 Mvar,

confirming its superiority in enhancing main grid frequency stability. This study provides

theoretical insights for the comprehensive utilization of multiple frequency regulation resources in

renewable energy power stations.

Keywords: permanent magnet synchronous wind farm; multiple frequency regulation resources;

predictive control; coordinated control
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Fig. 1 Diagram illustration of HVAC-connected permanent magnet synchronous wind farm

K 2 gL Ze M J 7 1 K B ) 20 I LA v
FETTASPLAS (IR JZ P 1 22 5.y AT L, MISC 5 o
e B H bR R E B S 5 YA T GSC 45 1l 4 ) ]

AM R T AR A X E I STATCOM RIJK 2
2%, £ STATCOM Hr, H & PR AR 37 28 (VSO
IS 2 4 00 2 H A A WIS, B S2 B0 B 00 2

R ST F VLB BT S PR L P 2 o o PR AR L R B A A RS POC AR
K F) 25 R L4 uGil Lus | STATCOM
SVPWM | Ly, T2 e ince
ZEMSC Ca PCC
a1 i I S #VsC
S0 = | Tttt

SVPWM vsc  [svpwmMm
uice] Tupee

5
PCC
T

X
9
Upccl +

ts.i—PMSG ML LR 5., —PMSG % H HLE 5wt —dg 24K 2 F PMSG WL LI 5099, —dg 4R 2 F PMSG % th it ; X — BB X Y
S H Pe.i— WHLALAL 4 23R 50, — PMSG RO B 0;— PMSG ¥ T 56 3 ; W, — PMSG RE#E s L& —dg A AR R T PMSG & T 584 i gk
P11 ~ PI3—MSC WA R R4 3 Ve, — T3 58 A8 A L BEER W K 5 Caeri— AR AR A LR LA 5 0em i — GSCH M JE 5 e, — GSC i
WL s uf) —dg BFRR T GSC i HL IR 5 i —dg AR R T GSC 4 H HL I s ogee— 10 WA 5606 B B £ B 4 5w, —dg ABAR AR T GSC
i H HL R s SVPWM-— 55 [1] 2% 42t ik 56 3 il s P14 ~ P16— GSC P /M R4 1l 8% 5 upce — PCC HLE s ipec— STATCOM $i Hi HL I 5 uite—dg A8 0% 5
T PCC HFE ;i —dq AR R T STATCOM i Hi B3 5V e — STATCOM HL 3 B ; Qpec —STATCOM it JCZh o 3%
P17 ~ PI10-—STATCOM P 43R $a il 2% .
Kl 2 2 HVAC IF Wi [ 20 KUH 37 16 )2 945 1 i 45 A0 AE ]

Fig. 2 Block diagram of bottom controllers in HVAC-connected permanent magnet synchronous wind farm
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Fig. 3 Block diagram of coordinated predictive control strategy for multiple frequency regulation resources in permanent

magnet synchronous wind farm
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