543 43 B RERY S EH Vol.54 No.3
20262 A1 H Power System Protection and Control Feb. 1, 2026

DOI: 10.19783/j.cnki.pspc.250612

ZRESHERZREESMERIMHEN TR E D XG7E

EHL, LK, HEXL, R®L AR, £

(LAREA ZAFAEHEZEQRTHRAKTHELAZRE (R AKRF), Fk F4 132012; 2. BRI
W A NG F A NG, Hdk FE 4350005 3. B R &M TORRE ARG, S8 FM 234100)

E: R ERRK ARG SRR 2 S, SR A EhE S BRI AR MR e D L
PIXTTEe EHE, R ST M A PRI R R AN TRDAR R (1 A FL S 2 A AR AR A RAE R e 4 T ) R B
FBHET, Itk 18 & i AR LB B S5 B P TEE . RS, %?LL%@E%,A%ﬁWT%E@%A
X558 AR, 0k B 57 S B4 o0 3R] — DXSR AR =9 s e, TR A DO RIR X, 1R REIK AR 1715
RS E BN, IR T — &R G BRI WA X7 5o K, RSt JZ2 R RE, DUX kIR
A U RFIE B S f N OAHEN AR 2 XTI 215 R I R E W6 7> P R AU DS e, B i KR
FEbr S R 8 B 4y X 4540 FESUHE Y TEEE39 15 sUR ST IR IE T A i 75 A 2k

KR X, BARIL, MEERETL RUCRSE BHEZRR

A reactive power-voltage zoning method considering transient voltage security
and network topology characteristics
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Abstract: To address transient voltage stability and control issues in AC/DC hybrid power systems, a reactive
power-voltage zoning method that integrates transient voltage security and network topological characteristics is proposed.
First, transient voltage security indices reflecting voltage recovery capability and time margin during faults are defined,
along with short-circuit impedance to characterize system topology. Based on these, a transient voltage characteristic
distance and a short-circuit impedance distance are constructed, respectively. Then, two initial zoning schemes are formed
according to the two distance measures. Nodes that are assigned to the same zone in both schemes are selected to form
independent zones (consensus zones), while nodes that fail to reach consensus form independent zones, thereby yielding
an initial zoning scheme that combines both features. Next, an improved hierarchical clustering method is applied to
progressively merge highly similar zones in the initial scheme, using the minimum inter-zone transient voltage
characteristic distance as the criterion under zoning principle constraints. Finally, the optimal zoning structure is
adaptively determined by maximizing the modularity index. The effectiveness of the proposed method is validated
through simulations on a modified IEEE 39-bus system.
This work is supported by the National Natural Science Foundation of China (No. 52307084).
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Table 1 Common regional nodes

75 KAWL S
1 2,30
2 15
3 3,17,18,27
4 26
5 5—731
6 10—14,32
7 4
8 19,33
9 20,34
10 16,21,22,24,35
11 23,36
12 2537
13 28,29,38
14 1
15 8,9,39
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Table 2 Initial partitioning scheme incorporating dual features

X 385 5 REPt k=1
1 10—15,32
2 5—7,31
3 19,33
4 20,34
5 16,21,22,24,35
6 23,36
7 25,37
8 28,2938
9 1—4,17,18,26,27,30
10 8,9,39
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Fig. 6 Schematic diagram of initial partition incorporating

dual characteristics
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Table 3 Partitioning scheme for maximum value of

modularity function

Kiggms KEHTTRARS AT A TETHIHR /%
1 32 10—15 243
2 31,39 5—9 30.2
3 33—36 16,19—24 61.0
4 30,37,38 1—4,17,18,25—29 23.9
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Fig. 9 Schematic diagram of the partitioning scheme for the

maximum value of the modularity function
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Table 4 Partitioning scenarios for typical failure scenario 2
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Fig. 11 Schematic diagram of a typical failure scenario 2

partitioning scheme
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