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Intelligent wide-area damping control strategy for wind-integrated power systems

SUN Zhenglong', LI Shenhao', LI Zewei', ZHANG Rui', YANG Hao', HUA Wen?, ZHANG Chengming’
(1. Key Laboratory of Modern Power System Simulation and Control & Renewable Energy Technology (Northeast

Electric Power University), Ministry of Education, Jilin 132012, China; 2. State Grid Zhejiang Electric
Power Research Institute, Hangzhou 310014, China)

Abstract: High wind power penetration increases dynamic coupling between wind turbine generators and synchronous
machines, making coordinated tuning of wide-area damping controllers (WADCs) challenging. Under complex operating
conditions, multiple WADCs may fail to suppress oscillations and may even deteriorate system damping. To address these
issues, an intelligent WADC strategy for wind-integrated power systems is proposed. First, a coordinated control model
with multiple doubly-fed induction generators (DFIGs) is established, and control loops are selected using a composite
geometric index. A hybrid control framework is then developed by integrating principal component analysis (PCA) with the
multi-agent deep deterministic policy gradient (MADDPG) algorithm to optimize parameters in high-dimensional state
spaces. Finally, simulations on a modified two-area four-machine system and a wind-thermal sending-end system in
Northwest China show that the proposed method significantly improves inter-area low frequency damping and maintains
effective oscillation suppression performance and engineering adaptability under complex conditions.
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Fig. 2 Structure of wide-area damping controller
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model under wind power integration
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Fig. 4 Coordinated optimization architecture of the PCA-MADDPG-based multi-agent wide-area damping control strategy

% 1 PCA-MADDPG WhE TS
Table 1 PCA-MADDPG collaborative optimization workflow
Bk 1. 2T PCA-MADDPG £ AL IbH e ) 3 2 8t [
e Rk
N RGUREE
i PRI SRS
L: WGSBS P28 A E R 28 1, A0 O, IABTRM E , L RTHERE
U, 25k D;
WMIIRW B w s Q' <O
For & —JIZk[El 4 do:
MIFEAIIGE RGRTE s,
For f— do:
6: X H4RPIRASIAT PCA [H4E:  §, « PCA(s,)
7: & agent(i) 32 §, LERAEHIA S H a, ;
8: W a MBS, FHWEE ;. FTRE s,
9: X IR HET PCA FR4E: 5, < PCA(s,,) ;
10: 17 (S,,a,,7,,8,,,) ZAKEYbL D ;
11: If 251 EL 3 then:
12: A D PBEHURFEIN SRR A
13: HH Critic WM& 54 09
14: THT Actor MZE S5 64 5
15: BEEHHIRMLS o/ F1Q'
16: End For;
17: End For.

wm R W

AR SR A 1] 45 2 O B ) RO — A
IRFER RIS R . AR AR 7, SRR 1
M Ao B A 2 =R (12) FT s AR AL B bR J(0) »

maxJ(0) = E,_;[0"(s;.a,)] (12)

Xef: 07 (s,,a,) 4T HHE N IBIE R 06 2L
E NBCAE; s ~ E Ra0RE IR P EIHLEURE
a, =m,(s,) TR REARARDE 2 1 SR 9 4% i BB
Na,, m, BRSEACHITIEEE 0 5S4 S
. HORmEEEERIEAN
mﬂ@ﬂ;{ﬂ@@wgvmw%@ﬂ(m)
bV, (s,) NHEIE R EAT SEIBEE; s~D £
RS NG IR BENLEURE . PP 26 FH T8 1 8k
(10" (s,a) » HBEFREREL y KHENTTRE L(P)
BT E . HARMIZCR A RS R B H L .
L(®)=E, ., (O (s.a)-7)] (14)
y= n+ Vqu (S;+1 57[9'(St+1 ) (15)
Kb g MBS EG ¢ N AR LS
i 0 NBEMERNGSH: 7 AERR Q H.
i b, A AT PCA-MADDPG 5 ik 1
MADDPG 5% 15 LA T PCA RS X+




LS, &%

& UL HL ) B G R e ISP 8 4 ) S B 9T

- 149 -

RO IE AL . YIZRTERUG, %3RS T 9% WADC
W iEw S5
3 BHHoh

NG UE BT A ] SRS AE i BB R I S 2k T
LR MR AR 1A R, ASCHET DIgSILENT
E TG, B8 7 Sk m X IRV R 453K E i
b HL R R KT R 36 3 2R G HEAT I
3.1 BUARIA XU RS

ARCHET SO X IR DU ML R Ge B, 5
AN H & TR RPN WE, W B 5
HI R IE RN 20%~60%. ZREtRIMEE A 5
FioR, b [F5 & LG, — G, &8 900 MVA.
ARG ENRSHISCHR[26] -

V] 10 km:
T

|
Line2 8

1
|
1
|
1
|
|
|
|
1
|
i

&5 & X5k X B HL4E B it A X s PO L R G 1 B
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Table 2 Characteristics of inter-area dominant oscillation modes

under different wind power penetration levels
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Fig. 7 Response comparison under different control strategies
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Table A1 Optimized parameters under different control strategies

G; WEF,

K T, Ts K T, T3
il & 24 40.00 050 0.05 40.00 0.50 0.05
PSO 4623 043 002 4441 037 0.04
DDPG 4778 056 007 6243 041 0.02
MADDPG 6549 063 006 6467 055 0.06

PCA-MADDPG 7623 074 004 7242 0.61 0.05
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