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Intentional islanding section searching based on a genetic algorithm with a
topological connectivity constraint
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Abstract: With the development of large-scale renewable energy power grids, the risk of cascading failures is becoming
increasingly higher. Appropriate intentional islanding can prevent the spread of faults. To solve the problems of
topological connectivity of power systems and high computational complexity in the process of intentional islanding
sections, this paper proposes an intentional islanding section search method with a topological connectivity constraint
genetic algorithm. The method first constructs a mathematical model for intentional islanding section searching, and then
proposes a system topology connectivity constraint based on the knowledge of graph theory. This is added to the genetic
algorithm. At the same time, a system topology simplification and preprocessing method is proposed. Finally, the
simplified system topology and data is input into the genetic algorithm with topological connectivity constraint to solve
the intentional islanding sections. The calculation example on the IEEE 118 node system shows that the proposed
algorithm can ensure that the solved intentional islanding sections has topological connectivity and basically achieves
active power balance, and the system topology simplification and preprocessing methods can effectively improve the
efficiency of the algorithm.
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Table 1 Coherent generator groups in IEEE 118-node
standard test system

i AR LT RS H I Mw
1 10, 12, 25, 26, 31 1043.3230
2 46, 49, 54, 59, 61, 65, 66, 69, 80 2288.1935
3 87,89, 100, 103, 111 910.4835

RS EENITT AR, AR SCERT B0 fE S
R T —M KRG E ML 7%, B
PRUNTR :

1) ¥ [F U R LT R A b B . 2 aQ(L) T
IEEE 118 7 s RS L AL B, Horb 15 sd IAUE

R Q)WE, LHIBUE B E X RS I BTE
U 1IEEE 118 % s ARG B INBUEFE TR 1R
BN

0 i=]j B og
z; i=jH e

]

NHF{ )

AR SR AR 1 b A [ A FEAL
Z MR, RS RSBRE LTS
TRHHTRA B, RAEEHER 3 NEROR BN
A, nE 3 ME 4 fn. S DR FE AR T
INREFRORBILTT AL, RGiH 118 N5 pidd
B 84 AT Ao

@-- -l AL R
©- - FiabLe it

& 3 BEIELBIZEMRERSEKE

Fig. 3 Shortest electrical paths among coherent generators

| B Oy

W s 2

W L
B4 HRREENARSHINE

Fig. 4 System topology after node aggregation

2) B RPN irp . 212D
W OMEREIE, RGNS A T gy
L EATE RS A RO L R,
HLA5 HA A5 20K BLY A 8] A BT A S 30 B A S 2
L P B SRR AL R, W 5 R fEfR
FTHE R, X S R R T B SR RO
HUHLT SR T R G, B & ALY R
DR LA i 452 B T 5 2R P S P25 RS ST o U1 R 1)

A, ASCR B RN ROF AP BRI S RO LT R
T, REIRA RGN WA 6 Fs.

2eid ERwP R e, R A0l 118
N E AT A, RO R D =i
WAL T ) — R RS AR B A 2D
G+ A I, WK 2 .

@ SRR LR
© 25 R0k B HL2 B

@ S RET

E 53 N EMABENTRMBEET S
Fig. 5 Suspension nodes of three equivalent generator nodes



-154 - €& REP B A

E 6 EHEHET RENRGRIMNE
Fig. 6 System topology diagram after merging

suspension nodes

®2 FWLRBNHSANENHE
Table 2 Active power output calculation of equivalent
generator node

SRR RAEEETA B SRR AL A
HLAT A A D IMW HFAHMW HI HiIMwW
1 199 265 579.3230
2 708 633 947.1935
3 286 618 6.4835

4 B

AR SCHE T 40 N 8 M 2 SRR 8 4% 575 (CTGA)
XJ IEEE 118 15 s BN S e i 1T 3k 47 3K A o S
5 PC HLIJ CPU L4 2.90 GHz, WNHFN 16 G,
CTGA FFHET Matlab R2021a “FESEHL. 264
WAL FIERMBEA SR E T FREHUE p,, =50
KAREE p, =30 ER XK, =40 . T XHEHE
P.=09. ZRMEP, =0.9. %5 3 T h k&
RGEAR A5 N B CTGA Hr AT ) Wi
KA, @) BbreREUE f, FEEACR B AL
O 7 Fis o

1200
1000
800

600

/MW

400

200

0

0 10 20 30 40
AR

7 fi BEEAORBTHIER
Fig. 7 Changes of fir with the number of iterations

2eid 40 YOEAUE, @) HARREUE fi 5
LARFEE 17.0320 MW, Bl 3 NFRGHIA 5T
RYFHEZ AN 17.0329 MW, CTGA [1iE4TH [A]
N 0.26s, V2 LAY PUEMEER, 531 3
AT RGNS W FIEE a1 8 AR .

19 PPy AN 59
37 a0 2 TN 5%
yF 253 sed AN 60

N 5 HJ S
44 3 643
a3 -4N$ é

; : ~ 66
38 Ai— 7;{/ 1
a6
R A "l 08
116 1
69 68

. T

T e a8l :
"\ N?s/ ~¢ 0
,3-’:'.\ ;j 71\ /l\\”‘ _77 8
¥ &

T 1
5 _}f\ .
25

70

9.
o
97

& 8 IEEE118 15 m ARG MAFIME L REER
Fig. 8 Islanding section searching result of IEEE
118-node system

FAFRENE N EAN R 3 fr
N, HHF RGN T 8E ThTh R = AT
DT R B8 iEA T 714 <100%

%3 SFRGHATEEANNERR

Table 3 Unbalanced active power of each subsystem

X MEY AVEE ATEE ATEE )
TR BAEY .
) i/ BhhEL ThIhERW DhERLNHE
& HiMw
MW MW 1511% Z MW

1 1043.3230 1041 2.3230 0.2232

2 2288.1935 2282 6.1935 0.2714 17.0329

3 910.4835 919

AR CTGA TE 3R A 5 Mo A 471 W T Py A e
P, KA ST RS SR, 271 IR 5 R B RO AT
FLc. SCHR[OTAEA 5 RE M5, AL 7 1 A0 B STk
[OIMHi 5, 15 2IHMES G/ T RGN FH DT
AiXHEZ N 71.033 MW $% SCHR[27] 771245 21 fi#
TG & T RGN A D 45 2 FN
21.613 MW % 3CHR[9, 2713781 5 4% T R g A
PTG HLUNER 4 Fis.

ALVE Y, AT 2 1) 3 3 A 51 A
T SCHR[9, 2T]IAN T D2 B/, BIfEJE 8 &
GuksE R R IPLY) g BN, SR T
M@ eFa iz,

[, AR SCR R A H R e dh AR 4 N\ 21
CTGA HidtAT 7 FENfEHIBr =K AR, HAhZHoRIsL
B S OREE—8 SRAFHAA S B 5 11 8 AH I,

-8.5165 0.9267




AR, %

B TSR AN N 2 SRR R ST ) S 3 51 W i R

- 155 -

CTGA [MIZ{TH a2 0.93 s, & &k RS 3.58 fi%,
WAIE 1 A SO R ) AR Ge 1 R A AN FAL B 52
ARk
R4 KXFESIHS, 27] 5 ARIR IS EE
Table 4 Effect comparison among this paper and
References [9, 27]

S ffir RZ =gy
Z N jmn
. Eetli% ZHIMW
1 2.3230 0.2232
CGGA 2 6.1935 0.2714 17.0329
3 -8.5165 0.9267
1 30.3230 2.9933
SCHRIO] 2 5.1935 2.2749 71.0330
3 -35.5165 3.7544
1 8.3230 0.8042
SCHR[27] 2 -10.8065 0.4701 21.6130
3 24835 0.2735

5 £

AR T — B S A P ANEE 2R )8 AR
TR sI R s, 3 ARS8
1) AR SR FH L1 1R 408 42 R B AR R] 2k R R R A
PR 7 LB ARSI W SRR B4R PN PR R, fRIE
TREH BT RG B A EE AR, AEEN
SR
2) ASCERH T — Bl 5 G0 40 1 25 K 157 40 R0 T Ak
BT, @ RE RN R SRR R
b 7 RGN G, ARRIERE B 7 Eahfg
A1 W T 4 R IS SRR
3) ASCRHMBUER L, L& T RGN AT
A Th& /N bR A, Ed ke, XA S
BAEATIEAMAL, PRUE T SRBH & T REA T
PRS- e
S 3k
(1] kepiE, £f, £HF, % ZEESIREPE AL
Lo R G S FE VNS R SRR ], B RG AR
P 5, 2021, 49(5): 20-28
ZHU Shaoxuan, WANG Tong, WANG Zengping, et al.
Generator tripping strategy in transient stability control of
a power system considering the change of the controlling
unstable equilibrium point[J]. Power System Protection
and Control, 2021, 49(5): 20-28.
(2] okEE, EHCE KE PEEREBRNKRRSRD]. B
RGP 554, 2021, 49(5): 180-187

(3]

[4]

(5]

(6]

[7]

(8]

[9]

[10]

[11]

ZHANG Yao, WANG Aohan, ZHANG Hong. Overview
of smart grid development in China[J]. Power System
Protection and Control, 2021, 49(5): 180-187.

TR¥E, WM, ATbg, & ETREHRKBIRSR
B A LRV MO T VR R R AR 53,
2021, 49(18): 62-69.

XU Bo, ZHANG Linwei, YU Xiangdong, et al. An
improved method of power system inertia online
estimation based on system identification[J]. Power
System Protection and Control, 2021, 49(18): 62-69.
CHANDAK S, BHOWMIK P, ROUT PK. Load shedding
strategy coordinated with storage device and D-STATCOM
to enhance the microgrid stability[J]. Protection and Control
of Modern Power Systems, 2019, 4(3): 250-268.

PR, SCEDTE, ARIR, 4E. 2021 RSN KT B )
Mt B Hf L R B R R D). B R R S 45
#1l, 2021, 49(9): 121-128.

YAN Daobo, WEN Jinyu, DU Zhi, et al. Analysis of
Texas blackout in 2021 and its enlightenment to power
system planning management[J]. Power System Protection
and Control, 2021, 49(9): 121-128.

G, MR, Wz, % XTARKETHIRS
LARRGEP IR PR, B RG R E R,
2018, 46(6): 1-13.

LUO Jianbo, YU Chen, XIE Yunyun, et al. A review on
risk assessment of power grid security and stability under
natural disasters[J]. Power System Protection and Control,
2018, 46(6): 1-13.

Rikds, RRE. BT HENE BB RGE T
B FUSHAL]. HIMER, 2013, 37(12): 3467-3474.
SONG Honglei, WU Junyong. A summarization of research
on wide-area measurement information based power system
controlled islanding[J]. Power System Technology, 2013,
37(12): 3467-3474.

R EE. FT WAMS 5 S5 R X 8 LI HL I 3 Bl g 1)
P SR FT[D]. Abat: dbstagim R, 2014,

SONG Honglei. Controlled islanding strategy based on
WAMS information in large-scale interconnected power
grid[D]. Beijing: Beijing Jiaotong University, 2014.
FREL W RG FENMEHE B SE ST S [D]. A i
1T K%, 2018.

CHENG Min. Research on active splitting control strategy
of power system[D]. Hangzhou: Zhejiang University, 2018.
TR, MOCWE, SCHESR, %, W1 RSB RS 1
RITEE ISR BHNED]. B RGHEL, 2017,
41(19): 37-45.

CHENG Min, YANG Wentao, WEN Fushuan, et al.
Controlled splitting sections searching method and islanding
adjustment strategy for power system[J]. Automation of
Electric Power Systems, 2017, 41(19): 37-45.

i, XK, BIES, & AT RRESRENRLE
SEFIWTHE R[], BMEA, 2015, 39(1): 242-249.
YANG Jian, TANG Fei, LIAO Qingfen, et al. An optimal



- 156 -

CEEE R R

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

controlled partitioning scheme based on semi-supervised
spectral clustering algorithm[J]. Power System Technology,
2015, 39(1): 242-249.

Basig, LT, WRie. 112 F 3 0 5 & N LB i# 5)
El(—): BEIREEAERA[]. HE AL TSR, 2014,
34(25): 4374-4384.

NI Jingmin, SHEN Chen, CHEN Qian. Adaptive controlled
islanding based on slow coherency—part I: research on
the theoretical basis[J]. Proceedings of the CSEE, 2014,
34(25): 4374-4384.

A, TR, MRdz. & T 18 R A B & N S
FE(=): S R X 43 77 k0], B H LT
FE2E3R, 2014, 34(28): 4865-4875

NI Jingmin, SHEN Chen, CHEN Qian. Adaptive islanding
control based on slow coherency—part 11 : practical area
partition method[J]. Proceedings of the CSEE, 2014,
34(28): 4865-4875.

Fasig, TLUC, MRy, 112 0 0 B & N s g 5]
FEH(Z): SR RETI]. T E AL TR AR, 2014,
34(31): 5597-5609.

NI Jingmin, SHEN Chen, CHEN Qian. Adaptive islanding
control based on slow coherency—part I1I: design of the
practical scheme[J]. Proceedings of the CSEE, 2014,
34(31): 5597-5609.

EL-ZONKOLY A, SAAD M, KHALIL R. New
algorithm based on CLPSO for controlled islanding of
distribution systems[J]. International Journal of Electrical
Power and Energy Systems, 2013, 45(1): 391-403.
AGHAMOHAMMADI MR, SHAHMOHAMMADI A.
Intentional islanding using a new algorithm based on ant
search mechanism[J]. International Journal of Electrical
Power & Energy Systems, 2012, 35(1): 138-147.

FLHE, K, BIES, S5 RS ML R BGE L
B F BRI TSR AR SRS [J]. B ARG K H AR
224, 2016, 28(9): 56-62.

WANG Yifei, TANG Fei, LIAO Qingfen, et al. Controlled
splitting surface searching strategy based on ant colony
optimization algorithm under connectivity constraints[J].
Proceedings of the CSU-EPSA, 2016, 28(9): 56-62.
TURAJ A, HOSSEIN S. Controlled islanding using
transmission switching and load shedding for enhancing
power grid resilience[J]. International Journal of Electrical
Power and Energy Systems, 2017, 91: 135-143.
FARHAD T, TURAJ A, HOSSEIN S, et al. Toward
controlled islanding for enhancing power grid resilience
considering frequency stability constraints[J]. IEEE
Transactions on Smart Grid, 2019, 10(2): 1735-1746.
SADEGH K, TURAJ A, MAHMUD F. Controlled islanding
for enhancing grid resilience against power system
blackout[J]. IEEE Transactions on Power Delivery, 2021,
36(4): 2386-2396.

ALEXIS K, PANAYIOTIS D, CHRISTOS P, et al.
Controlled islanding solution for large-scale power

systems[J]. IEEE Transactions on Power Systems, 2018,
33(2): 1591-1602.

FIOZR. FT ES R B L R A A Kl 43 A 2 A
D] R REERE, 2011,

WANG Xudong. Model and algorithm of the optimal
island partition of smart grid based on graph theory[D].
Tianjin: Tianjin University, 2011.

RGFEE, ZESC, 2N, %5 ) RGRALIBN R W
T8 B AR R SR (3], [ AP AR AR 4, 2012,
32(13): 86-94, 195.

LIN Jikeng, LI Shengwen, WU Peng, et al. Model and
algorithm for the optimal controlled partitioning of power
systems[J]. Proceedings of the CSEE, 2012, 32(13):
86-94, 195.

ZEE, 5kE, Ak, & ET Prony S HTHRFESZEL
(1 F A HLAE 23 B T[], W RGRIP 4%, 2020
48(22): 91-99.

LI Gaowang, ZHANG Zhi, LI Da, et al. Coherency
clustering method based on Prony analysis feature
extraction[J]. Power System Protection and Control, 2020,
48(22): 91-99.

Sy, BT = R E R H R B8 SR R
THEWHFED]. L AR, 2015.

MA Shuai. A research of OBDD-based searching method
for active splitting strategies of power networks[D]. Wuhan:
Huazhong University of Science and Technology, 2015.
2L, AIAKERER) Warshall SLIESZEL)]. RKS%
(E 2R FH2ERR), 2011, 35(4): 31-35.

YE Hong. Reach ability matrix by Warshall algorithm[J].
Journal of Anhui University (Natural Science Edition),
2011, 35(4): 31-35.

ERAR, KiRe, MRE, 55 —ME RGP HES
H PSSR R ITVEL]. o E L LRE 24k, 2010, 30(7):
48-55.

WANG Chenggen, ZHANG Baohui, HAO Zhiguo, et al.
A real-time searching method for splitting surfaces of the
power system[J]. Proceedings of the CSEE, 2010, 30(7):
48-55.

[22]

[23]

[24]

(25]

[26]

[27]

s EHEA: 2022-02-02;
fEEE -

EBR(1999—), B, MEHARL, HRHT@AL) R
KRB/, 9 FAEKEY 5 EH;
wangzhaochen1999@163.com

EHF(1964—), F, #k, HEEFIF, HARXFT@A
WHRARBEREY . B RGBS EEH;
wangzp1103@sina.com

HMEHAN996—), B, HEHRE, ARTMAEH Z
GNP /E., ) FARE S EEH.
1977593218@qg.com

{&EIHER: 2022-03-09

E-mail:

E-mail:

E-mail:

(m# B2t



