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Fig. 1 Coordinated decision-making framework for adequacy and

transient power angle stabilization
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Fig. 3 Informer-based power prediction model for

wind farm stations
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Table 1 Parameters of pumped storage units

k& g BUEPEAS ! WIRRPESS! TR oRdK

FA, ik frk (MW-h) (MW-h) IIH/MW TIR/MW
S1 3 300 200 100 100
S2 8 350 300 120 120
S3 20 400 320 150 150

F2 BRMEFARESH

Table 2 Parameters of demand-side reserve resources

TR o A/ LR YY)
B [o/(MW-h) ] [J56/(MW+h) ]
L1 4 20.0 0.66
12 4 18.5 0.60
13 16 22.4 0.72
L4 16 21.6 0.69
L5 39 21.8 0.75
L6 39 20.6 0.72
42 FEHRESHAREMRRRHELESES T

AT A6 Ak Y XU 33k 057 T /5 XU 1R 3 FBL DY, Sy b
ERIG IR R B AT . WA 2 A AT 23 Ab
IKUHR 3 v, T RSN 45 SR N K] 6 F R, MR R e LA A AR R
ESEC TN
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Fig. 6 Results of wind farm station power generation prediction
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Table 3 Optimization results under different methods

HLALH T Ditagr &SRR B
Jrik MR KA IR (ES JRAR
JiTt Jigt Jigt Tt
1 45.57 0 0 45.57
2 41.79 27.35 0 69.14

X HCRT A 7 i 2 BOBLAL H AR I B e A T i 1
(LB S0 SRS, JAR S 5 T 53 1, S B0 IR 2 R A A
BTk L REW . F B A SR LA PTG R S
TR SR b e 5-8 MR 6-7 KA MR & FRARS
HADMIKR . Tk D BB T S RER L,
MO TIE 28 5246 45 BB b 52 8 AR RUE Pk . ik 2 fe i
Te kS B B2 1 AT R LAY D FA RE )R, LA HS ) A
B E AL, (R AR it 5-8 Bk 6-7 Sk ke e 5 VI BR G2
1 G3 A RERUE R G DI AR SE o FE AT DIHLRR s 7 D)
B R 0717 A RE AR 4 2 G0 ) - o R X b S
PR AR AR, R A B 7 BT V) 667 A T A L
BT 2 0 SR A . o 5 b AT SRR S
FRE R
4.3 BRMESH

th 1 7 e o LA 510 min 2R B 67 7
B, 30 min RF 2R 9-39 A Wi, JFCAih B 240 G e i A 8
FER R 5T R 3 ALY IS A ST 77 3k 9 A A0

BB 1 SR AR SCRT 48 St 1 5 87 2 Ty R b ) A
PR TT 5, S e 2 P i DG T 7 P 92 ) S

T 22 AEAS SCPIT B FE AR P 5 8 25 R U [ Y 45
PRI B BB T, AN i SR P DA R R 9 DAY
P 5 L

S0 32 AEAS SCHITH FE AP 5 8 25 ) R i [ Y 4
PR 9 A L, A 2 SR A D AR AR A R 1B
il



640] RIS . G KR Tl SER R 5 D A A T A P ) 2 ) DR SR 1 455

G S BN 9 s o AT E ARGk
A B, ok FLHLAL 9 I8 9 B 0 7 R, AR 48 JC TR I B R E R ok
28 FR e R, BSR4 1 RNGRLGE) 2 A BILAH T SR — B
TEJG L0 7 LA B, KL B RS RE TR IR A 2, &
£ 2/ 11 A R T< W = X  Bi e  [E
IR MY L S B L 55 2 M H, 4% B Be U f ey i 0 B

700
8000f Gl =G3  G5=G7-G9 S —AL1—+AL3
=G2 G4 G6~G8=Gl0 L —AL2 1600
70001
60001 1500 =
£ 5000} 400]%
34000} =
N 300 5
= B
30001 R
200
20001
1000} 1100
L S LR L

1 2 3 4 5 6 7 8 9
Bt

K9 RGN R BN L

Fig. 9 Comparison of system response
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Table 4 Economy comparison

) ML jz gl ﬁi?ﬁ_ %M ﬁ%zlx/ E\EE_ZIK/
WATIC AT TG Tt Ji ot

1 373.23 195.59 35.03 603.85

2 375.15 319.43 0 694.58

3 367.08 205.46 35.03 607.57
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Fig. 10 Power angle curves for equivalent single machine

system in scenario 1
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Table 5 Effect of typhoon path prediction error on

control strategy effectiveness

o fmZEMA S WRERAERER OB B
WED FEIC°) 2k JEARTT TG A %
4 -1.78  ZRPK5-8, Zi9-39  88.44 0.28
2 091 ZRPK5-8, £kff9-39  88.49 0.34
0 0 4% 5-8, 4i#%9-39  88.19 0
-2 0.95  £k}5-8, Lk 9-39 8827 0.09
-4 1.94  £pK5-8, L0939 88.16 -0.03
F6 RARIRFINIRZEXHEHI KRG R R

Table 6 Effect of maximum wind speed prediction error on

control strategy effectiveness

% (m/s) - Tiot HiE%
4 38.46  ZRlH5-8, Zki%9-39 8633  -2.11
2 39.22 2R 5-8, i 9-39 8791 -0.32
0 40 LK 5-8, 4% 9-39  88.19 0
-2 40.82  Zk5-8, &9-39  89.01 093
-4 41.67 ZH5-8, Z&i%9-39  89.81 1.84
F7T ERKRUEFETRMIR 2= 332 6 2R A& B 20 R0

Table 7 Effect of maximum wind speed radius prediction

error on control strategy effectiveness

SRR . B BXUES

T ATREREMRER .

WE KR e WA AR
% km - ot g%
4 48.08 £k 5-8, 4kiH9-39  87.21 -1.11
2 49.02 £k 5-8, 4% 9-39  88.03 -0.18
0 50.00 £k 5-8, ki59-39  88.19 0
-2 51.02 £k 5-8, 4 9-39  88.70 0.58
-4 52.08 ZR§K5-8, 4k#%59-39  89.26 1.21
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SYNERGISTIC CONTROL DECISION-MAKING METHOD FOR
ENHANCING ADEQUACY AND POWER ANGLE STABILITY UNDER
STORM CONDITIONS

Yang Wushen, Hu Junjie, Lu Jiayue, Liu Baozhu

(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources ,

North China Electric Power University , Beijing 102206, China)

Abstract: To mitigate the risk to secure and adequate operation of power systems under storm conditions, this paper proposes a
synergistic control decision-making method aimed at enhancing adequacy and power angle stability. Firstly, the output from wind farms
outside storm-affected areas is predicted using the Informer model, providing input for subsequent optimization models. Secondly, based
on a “decoupling optimization, aggregation and coordination” strategy, the method decouples system adequacy optimization from power
angle stabilization control. For adequacy optimization, operational risk costs are reduced by scheduling adjustable resources. For power
angle stabilization, the extended equal-area criterion quantifies the transient stability margin, and preventive-emergency control synergy
is applied for each fault scenario to ensure stability. A two-layer optimization model is then constructed and solved iteratively. Finally,
case studies on a modified IEEE 39-node system demonstrate the benefits of the proposed model in reducing system load loss and
enhancing grid security.

Keywords: wind farm; typhoon weather; risk analysis; transient stability ; adequacy; extended equal-area criterion



