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14 18439 13,3,9,30,1 100.5 3,42,4 1005.9
9 1207.1 13,30,3,1 0 13,26 70.6
13 1207.1 9,30,3,1 0 19,21 28.3
42 503.7 3,1 0 4 344.1

FHER 3 AT, 26 8% 46 1F S 0 4 ik B A,
S| & B T 0B X R G A R B K B A R
1 889.5 MW, (5 RGBT 30.2%. HIFKTET,
LRI 46 R A 29 5 R ALY A 38 MUK 41
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I, T 38 LA N 865 MW, % 2k il s BT
S ARG 830 MW (1 L IE LS, BIAE 76 Fe Al
HALISIE R, 2 A 241.6 MW B9 frfii 2k . 1t
A, Ze I 14 [FIREE S 2 ALY i 31, RS
T BT - 389 7 e P 2K AR 1.005.9 MW i XU
LRI 7 | R ) T A T R G A S R
JUEE
322 Y& 1 ERESX R KAHFEIE

M 1 A%, RAS LR K 46 BOEHR XS 5 R E &
o, (& B 7 5 Bk E, 70 38 B9 & HLBL
J1°0 830 MW, 5 It 95.9%, 1 5 &5 31 89 & AL
J170 634.23 MW, (i [ Erik 98.2%, KW G H MiatT
RS K, g 14 BEER, 5 R E AL
KRG R B o RIEL, 2 3 nT I, HOF
i 4 2855 1 005.9 MW, 3 5 T2k Bk 46 1
486.9 MW H T MO 5 | A 1 3% BT e A% 1 R 11
W LR SR R 14 VR R RTER R, LSS IE
T T 1k R A Sk

Yrge | RAER BB LM AT 0 IX, IEAT )8 &
i T IE R WS 8 45 o K TR Al &40 XY
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Table 4 Statistics on power balance of

each partition in scenario 1 Hfii: MW
Nl U TP T P8
1 33164  3569.0 0 2526
2 2600.1 2427.0 0 -173.1
3 328.5 725.0 0 396.5
4 9.2 646.0 0 636.8

HRE 25 A KU 48 AR (B T A, 1% 3R A R
BB R 3.6, 9. 13, 25, 42, A
R 3 A FIBE R B S 1 X 38 . AT I8 &
HFUEIE RN 5, AR & AT M0 A0 ST
BRM B, REEXRAAGUNTB TR, T
25AFAE 173.1 MW TR ERA . 43 K AR b an & 4
Fim o

S5 F W, AE B = U5 T 29 R, SUKRE 1S
R4 X 5 Kok FUE I KR AT B2 S B0 4
T AT R B
3.2.3  WEe 2. FET ROV 24 SR I A T R

XT38 1 ip oy XS B DR B ) L, 3 5
2TEF S 1 AR I 2.3.2 5 R I Sk T o R
YA 20 ) R AR T R o A% o0 XY ) B 4
RUNE 5 iR,

4 FHE1HSXRERRA
Fig.4 Topology of partition results in scenario 1
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Table 5 Statistics on power balance of

each partition in scenario 2 AT MW

[Xti P4 i1 EVAi'}g 24
g RIUAT BLELI) o PIE RS
1 6245.0 6721.0 0 476.0
2 9.2 646.0 0 636.8

TEIS R e A R AR I, T
SR Ay 249 R 11 0 O 2 SRR s Xof e 5 AR Lk G AR A T
B—K L, PR 3. 6. 25, 42 iR
FEIE, — BYIIF, 2 D S, R,
T BRI R LR E 9 A 13, [ RS54 W43 X .
PR3 DX B U o s 55 R B0, I R i . AR
RAEH T A X BRI 20 3 440X, (B b T
T . A XN 5 FiR.

E@_so 37 X1

2

- \O

B t 19—

* 6—;31 é 4— 33 _@535

B 5 #2259 XERAH
Fig.5 Topology of partition results in scenario 2
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Table 6 Statistics on power balance of

each partition in scenario 3 BN MW

P wn mamn D s
1 33164 3569.0 265.3 517.9
2 2 600.1 2427.0 208.0 349
3 328.5 725.0 26.3 422.8
4 9.2 646.0 0.7 637.5

HIZR 6 97X XS5 R AT LUK I, 255 25 B SCh ir
TR P R, A LS PRUIBR i 5 3 5 1 M), &
GERRI 730 4 IS 5 R, HAR S 1R 4 — 2

X AR I AR A B Rk, i EVA 52 1S
BT WA . TR HT EVA 82578,

JEAAAAEGRAT Y T 19 2 3843 T 208.0 MW Y Z) 4657
P, 7 N BRAUR AT AL AR . BT R
- 240 TR ) AR O 28 SR E TR 2 B R A ST
HAFRE ST, ORI SN D R 52, I OT T 1 4
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RGP 53h 3 A X
325 Yt 4 AETHAUEEREGOIEREDX
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Table 7 Statistics on power balance of

each partition in scenario 4 N MW
R wen mmmn s
1 12081  1100.0 0 -108.1
2 45474 47560 0 208.6
3 489.5 865.0 0 375.5
4 9.2 646.0 0 636.8
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kit FUR LR T, U B A i R 2 4 b
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R R 553 T IR 2 B, Sk S 2 e IV A A iRt Al D 5 |
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Fig.6 Topology of partition results in scenario 4
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Table 8 Comparison of partition strategy effectiveness
evaluation indexes for each scenario

SR , .
st g PURBUE DR NER Sk
R e RORI% BARMW FAEE% R %
BARH
1 6/6 100 173.1 2.77 97.2
2 2/6 333 0 0 100
3 6/6 100 0 0 100
4 4/4 0 108.1 1.73 89.3

M 8 M LA H, 5t 1 W T 4 i XU 26
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Table 9 Partitioning effectiveness statistics
for high-risk lines

WHARE  EABIETE R ARELE SRk
LB GEBURMW PRI R GEIETR%

46 486.9 0 0 100

14 1005.9 0 26.45 100

9 70.6 0 10.41 100

13 28.3 0 14.68 100

42 344.1 0 7.69 100
HI2¢ 9 AT LU Y, 76 3% BiUsC B 1 4R 1k 3 5t

T, e DR 2 % 5 5 | Az %) S 2 7 fr 2 E 28.3~
1005.9 MW Z[a] . RHSCH A T £33 X5,
5 /I R S S 1 D) 3O i BE X SR 05 7 A 4 2K [
TR IRE] 100%, A R0k T 14 P X R 4 i
AR RPN
35 WERHBERESH

R B IE 2R A KU H A R R B U A 3
P, TR 5 3 W SEAE I, 43 0 B 4 AU TR AL 4
H AT L, S5 R 3 10 BN,
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Table 10 Comparison of partitioning results under
different weight coefficients

WEHAS IR B ’fJJl“}‘ 67‘!2 IJJ$K UIRGEES
(0, ) LB B PR % FEAR%
050,050 7.9.13.25.42 5 4 0 100
025,075 3.6.9.13.25.42 ¢ 4 0 100
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0.75,0.25 24 1 2 0 100
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Table 11 Comparison of partitioning results under
different EVA parameters

VI SPX USRS R ik
BT T gl WO OPGIES K% FEIRRI%
0.20 0.33 0.06 2 2 0 333 100
0.20 0.44 0.08 4 0 100 100
0.20 0.56 0.10 6 4 0 100 100
0.30 0.44 0.12 6 4 0 100 100
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Optimization of active transmission network partitioning for
high-risk line cascading failure prevention

YE Tao', ZHANG Heng’, KANG Haipeng’, YUAN Zijun’, CHENG Haozhong’
(1. College of Electric Power Engineering, Shanghai University of Electric Power, Shanghai 200090, China;
2. Shanghai Jiao Tong University (Key Laboratory of Control of Power Transmission and Conversion,
Ministry of Education), Shanghai 200240, China)

Abstract: Electrical distance is widely used as edge weights in spectral clustering for transmission network partitioning.
However, the propagation risk of cascading failures is seldom embedded into the graph model. The emergency support potential
of flexible resources also remains underutilized. As a result, power imbalance and excessive load shedding may occur in sub-
networks after partitioning. In this paper, an active partitioning optimization method is proposed for transmission networks to
prevent cascading failures in high-risk lines. A line fault propagation interaction matrix is built through Monte Carlo simulation,
and a propagation risk index is defined accordingly. The propagation risk index is combined with line loading rate to form a
comprehensive risk metric. The comprehensive risk metric is mapped onto graph edge weights via a Gaussian kernel function.
An initial partitioning scheme is then generated by spectral clustering. A cut-set screening strategy based on source-load
balance constraints is further developed. Heuristic boundary correction and electric vehicle aggregator (EVA) emergency
support are introduced to guarantee power equilibrium in each sub-network. The method is tested on the IEEE 39-bus system
under high-risk line fault scenarios. Compared with the natural evolution of cascading failures, power balance is achieved in all
sub-networks after active partitioning, and load shedding is significantly reduced. Multi-strategy coordination is shown to be
effective in preventing cascading failure propagation.

Keywords: cascading failure; power grid partitioning; risk identification; spectral clustering algorithm; electric vehicle

aggregator (EVA); intentional islanding
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