55 38 B 3 M) BAORZEEHEARER Vol. 38 No.3
2023 4 5 A JOURNAL OF EIECTRIC POWER SCIENCE AND TECHNOLOGY May 2023

ZERMNEANHEENZEREREMGES
REREMRLIERTTE

HEF MR METL, N F W, R FIN T, B R, Bk o
(L. T i e B A [ R T S 36 =5 (R O L DR 2 I 9 B A PR ST AT 2 7)), T 2R T 5106635 2. 48 R FE TR 2% #1 J1 4B , )48 T 510640)

W EHSHEEREHE(SVSM) R RGBT R F Y B R e MG R b5, R 37 1 ) 09 e I B 4
IR RS SVSM K VAL, AT RE S 48 R L 2 is AT R b o it 32 18 7 2% JOXUH 395 1 0 AN 58 T 100 28 B TR
0K Fi, ) 5 2 o R AR PR A A Y, DL e/ IMb 2R 8 B VR 9 A g AR TR) B SR 465 5 XU R, s ) 3 3l 3 T 69 1 5
T, RGE SVSM U 3l X B35 Bl 9 T 50l R 45 8 M Z BT8R . O TRz = R 5l A S 8@ i ik,
B E AP 2 AR B 2 AT SR E T, LERAE SVSM X 8] F 545 4 A Ja il 28 2 22 18] 56 2 09 3T 1oL ff r 2% 3
K, WK = 2 PE AL S T 55 Ak Ry B2 AR AT R F SBB SR i gtk i fefb 4 il oy . [EInd, 32t 7R SVSM %t
s 1) A% 2 109 5 BR300 22 T P 9 DT A A8 LAY O VR R AR SRR . e BAB R TEEE 397
RS ELRTR IR R G ), BT T T R O Ik B TE i A AU

X 8 WS WIRBER R XU R H S R E s S UL E I Tk Galerkin i
DOI:10.19781/j.issn.1673-9140.2023.03.010 FESHES:TMT732 XEHS:1673-9140(2023)03-0094-11

An optimal control method for static voltage stability of AC/DC hybrid power

grid considering the uncertainty of wind power
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Abstract: Static voltage stability margin (SVSM) is a commonly used voltage stability evaluation index in power system
operation. The SVSM will change with the uncertain fluctuation of wind farm output, which may threaten the secure
operation of a power system. Therefore, this paper proposes an optimal control model for the SVS of an AC/DC hybrid
power grid considering the uncertainty of wind farm output. With the objective of minimizing the total control cost, it is
required that the lower bound of the system SVSM fluctuation range meets the predefined safe operation requirements under
a given fluctuation range of wind power output. In order to solve the three-layer optimization model, a parametric
approximation method is introduced, and the inner and middle layer optimization models are parameterized layer by layer,
which helps to obtain the approximate analytical expression of the relationship between the lower bound of the SVSM

interval and each control variable. The optimization model is converted into a single-layer optimization model, and the SBB
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solver is used to obtain the optimal control scheme. Meanwhile, to improve the computational efficiency, a method of

removing redundant cross terms in the approximate polynomials is proposed by using high-order mixed derivatives of SVSM

with respect to control variables. Finally, a modified IEEE 39-bus AC-DC hybrid system is used as an example to verify the

correctness and effectiveness of the proposed method.

Key words: AC/DC hybrid power grid; wind power uncertainty; static voltage stability; parameterized approximation

method; Galerkin method
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Table 1 Parameterized SVSM calculation results and

calculation time of the inner-layer optimization
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Table 2 Parameterized lower bound of SVSM calculation

results and calculation time of the middle-layer optimization

E2TEw/¢ KRR TR 2 FEELIEE /s
2 0.082 6 0.0415 4 871.85
20K ) 0.129 3 0.063 6 1045.94
2( R UL L) 0.093 3 0.050 3 68.73
3 2.989X10°*  7.515X10° 48 234.21
3(FHANI)  8.599x10* 1.543% 10" 7229.07
SCRMIERRE)  3.043x10°* 8.586 10" 336.51

e 26 0 e J2 O A 1) AT 22 0 e 5

[ A 26 5 22 100 5 AR D R IS eR R, G e O R T 5

mr

N,
A= > 00 (P U, Q. M, 0)
s=1

E2TE /& R iR 2% JEEL A /s
2 0.042 5 0.012 1 3124.45

2( KX 0.109 8 0.033 7 889.32
2( R L) 0.056 8 0.029 6 55.46
3 1.858X 107" 4.117X10°° 28 845.32
3(EZTUT) 4699101 2.332x10°° 5377.74
S(RMWLRRE)  2.605X10° % 4.976X10°° 288.95
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Table 3 Computation time comparison

(28)

FHorb, NS Sk o] 2 2 500k i 3 BRI 3 SRR AR 1Y 4R

L SRR BRI E . IR PE 3k 2 U E
N RN PR, BT S B RO 28, N, = Ch +
Cy+ Ci+ Ci=3683, [Fl ¥ 45 & 1% 22 d=10 *,

E2Ew/¢ AL AR i) /s A el /s SN[/

2 7.996.30 8.35 8 004.65

20K LX) 1935.26 3.79 1939.05
2( R T 8 ) 124.19 1.56 125.75
3 77 079.53 57.19 77 136.72
(K3 XI) 12 606.81 34.72 12 641.53
3( R LG 8 ) 625.46 14.55 640.01
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Table 4 Comparison of the normal SVSM and the lowest

SVSM of the system before and after optimization

AUHL U E R SVSM SVSM X Ji] F #

Pt AL )e Pt AL e

0.237 1 0.264 4 0.1854 0.200 2

RS MAH B R AA Tk 5 Ak b E AT

Table 5 Comparison of generator active output and terminal

voltage before and after optimization p.u.
RHLHLAY I GIRGHENES
=¥ R AT Rt AT Rt
30 2.50 2.64 1.047 1.051
31 10.00 10.45 1.030 1.036
32 6.50 6.80 0.983 0.992
33 6.32 6.61 0.997 1.005
34 5.08 5.32 1.012 1.019
35 6.50 6.80 1.049 1.026
36 5.60 5.87 1.063 1.066
37 5.40 5.66 1.027 1.033
38 8.30 8.68 1.026 1.032

F6 EAH B RAAMEELE B 2T
Table 6 Comparison of reactive power compensation device

output before and after optimization

ToIMEE BN A EARRTIEI Sy /pu. MRARIEIEI T /p .
21 0 2
22 0 1
23 0 1
24 0 0
25 0 1

RT A J5 LCCHEH AL VSCAH b2 Rk
Table 7 Comparison of LCC control angle and VSC

modulation ratio before and after optimization

LCCEHIF0/(7) VSC il L M

o f AL kAL kAL kAL G
4 11.25 8.00 — —
14 10.67 8.00 — —
6 — — 0.842 0.860
11 — — 0.828 0.833
12 — — 0.826 0.816
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Table 8 Comparison of optimal control calculation

results under different A, values

Ao A, il A
0.15 0.1854 0.000
0.20 0.200 2 4.021
0.25 0.2511 5.845
0.30 0.300 3 7.226
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Table 9 Comparison of optimization results under

different load levels

it PEAEHTAY SVSM k)5 B SVSM # il AN

HAr I XTA] T 2 PEJa] T S A il /s
1.000 0.1854 0.200 2 4.021  640.01
1.025 0.149 5 0.200 2 5.744  636.55
1.050 0.119 8 0.201 0 8.226  652.49
1.075 0.743 3 0.200 1 9.271  644.87
1.100 0.0651 0.200 7 10.723  678.11
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