5535 B AW BMAORMZEEHERZR Vol. 35 No. 4
2020 4 7 A JOURNAL OF EIECTRIC POWER SCIENCE AND TECHNOLOGY Jul. 2020

\l

& B BK FE N 5< 2 T IR Sl 5 R R R R A 3T

KA

xX|\gE L /L 'R R R®

1. E T E A RA T RIS T B AR 7500025 2. F 5 AT BR S 7 A 4338 WL 370 4300625
3. v [ Ay R O ) A A PR B B PR T LI BRI 430071

H OERE RGN KR, KRB L ) 7E AR AR 5 R TR T R C B 0 R e s i ) R D as AT ok
TR IR, A P O JR) R T A A% 4 R AN I 4%, S B ) B G B IR Y R A T R D R O T B R — A B
ELBEA N YIRARKMBIER . BT A% B BR G B RO B I 00, 45 B W SO R B B R R
RGBS SRR A EE L, %m%ﬁugﬁfﬁﬁfmﬂ%m,I‘Jﬁq‘,%?itz/l\?‘éﬁ, EIRE DL R
Tﬁ&ﬂ’ﬂ‘%pwnngﬁ SR 7 40 R B Y R SR A PR AR R HE T O ik . B O X A R I % 5 A ) E TS5 T
w5 42 AT B 2 3N B R SR W L B Lk % AR R A T A A R R R B AL A . BT e b N R A R G R ST
%iﬂ%’ﬂﬁ?ﬂu}_@@ﬂﬂﬁmJﬁE/H%Hﬁiﬁ?iﬁﬁ%ﬁuﬁ%wﬁﬂ’aﬁiﬁﬁD

X OB R R RS SCHET s T R

DOI:10. 19781/j. issn. 1673-9140. 2020, 04. 015 FESES :TM712 XEHS:1673-9140(2020)04-0114-08

Research on identification method of critical node and countermeasures in

large-scale interconnected power grids

LIU Haitao', NIU Jian', LIU Bing”’, ZHANG Shun’

(1. Electric Power Research Institute, State Grid Ningxia Electric Power Co. , Ltd. , Yinchuan 750002, China;
2. Central China Branch of State Grid Co. , Ltd. , Wuhan 430062, China;3. China Electric Power Engineering

Consulting Group Zhongnan Electric Power Design Institute Co. , Ltd. ,» Wuhan 430071, China)

Abstract : With the continuous development of the power system, the large-scale interconnected power grid has greatly
increased the allocation of energy resources, but also brought new problems to the synchronous operation of the pow-
er system on the mean time. Partial failures of large power grids may spread to the entire network, leading to casca-
ding failures in the power system. which are generally accompanied by large-scale transfer of line active power. In
view of this, aiming at the power flow transfer situation after the node is removed, this paper gives the concept of
node power flow transfer degree. Considering that the node removal may cause the system to be disconnected, the
concept of node position importance is also proposed. Meanwhile, based on these two indicators, and borrowing the
concept of electrical coupling connectivity, combining with multi-attribute decision-making method leads to the rank-
ing method of key node comprehensive indicators. Finally, this paper prevents the occurrence of cascading failures or

inhibit the large-scale propagation of cascading failures by formulating an active defense strategy for the weak node
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split operation for a specific network structure. For a provincial system in Central China Power Grid, the identifica-

tion method and active defense scheme mentioned in this paper are applied. The results show the effectiveness of the

method and scheme.

Key words: large-scale power grid; power {low transfer;critical node identification;node split

H ] B VR B U 0 R SR O B2 B e
i o B0 E L ) R G T AT S A R
Hp ] A R ORIASE I AR G s X R R
Bt 5 L 7 2R 40 B R BT & L HRL I 2 A H R e R 2
TR A v v X RS PR T R T 09 T e A
K FL O )32 T R 2 A s R H R R AR

2003 45 35 [ 7R b 35838 43 b DX T 5 R 7R 5
DX H B 5 F L A5 L [ 29 240 0 km® L 6 1H 8
AN 3Z 52 e s RN Kk 1 5 000 L InER 2 ANA
ZHRMW IR 1000 T30 5 [ 4F 38 KA & A K45
ENEE e/ N X G- O R RS I R
$i,5 800 J7 N Ay A 1 Ab T R g R A A A R
B, R 5 L g R R & R L R AN S A
Ie) o fFL K5 i S e AR kR st R L SR M 1
— T B R IO A B 85 4 5 1 A7 78 28 4 B iR 2 R A5
HHCR AR L LR T R G SRR,
A BT 53 BT L I AR B 1) 45 40 7 R A AR 1O A TR R
X b SR BBUARL 7 5 it o T 3 o R 457 HL S Y &k B
AEREZ X,

HL ) RGO iR AR 2 SCRRPE N T
FAOCHFSE . SCHRLS 1R FH & 2% I 45 3138 1) J 1 36 TIF
TACSE B N T B L B AE AR A B T
LR [ o 3 29 AR I 14 W 55 1k A o8 1 At A
SCHRL9 J7E I8 F A B MR A& b 40 BT T 3% Bl e
(1 £ B WL S R T — ol 32 0 A e B vt 5 Sk
CLOTE T4 1 9 4 14 A8 2 B 48 2R AR, A It 356 il
LGS 2 U BT R S S LR B AT T AR T
¥ . Lh b SCERF I 7 1k 2R 3 i i A 2 T 4% e
0 BIF 5% AR T 0 T R 6 1 BB S ke i SCOGB BR YT
PR bR .

ML) 2R 58 5 — o0 #F iR T BB 4 51 ki
B S B L I, 3 B R I R
T Pk it 2 46 A D D ARG KRG AS . 5 R S
T1 Z 58 R 3R 8 7 48 W JC AR RO T HL R R BE A
P2 i AR R B G L 1 S0 A 2 A I 4 B8 L 3 ok
TR G5 T 1 R SR 5 3 02 B2 DA SO B R

FEL IO 0 AL 2 A R PR S M OB Y R R R L A
WU HH R 7 AR G0 00 S B T S B R SR IR O
Jit » FIE % A 25303l O K R, O AT Jg 0 il e i 5| & A4 32
FRIARES = G R AT e S

1 SRBEY R R B B AR

1.1 TRBESHBEaEEE
SCHERLL3 78 43 A1 H 7 I3 3 4 A AL 3 A 5 Al
bR THAREE S TR S R AN S
PR MR A+ 12 SO FH A MR 8 1R Sl DA 15 A5 O S P 1 —
M EFR PR AN
aZUﬁjlmu &)

o R AT 2 i 5 A 0 L SO
B AN B 5 5 % R
et
BB IS AR Z, ., R B A B
FEPETE 2 S
Zijerw=(Z; —2;)— (L, —Z;;) (2)
Soft, 7, RGN SRS AT I
L2 BEBREBE
5 5 BOBEIR 78 £ 2 5 5 R 56 0 T 05 B
0 5 R 2 00 B AT T R A 50 9
S DU 00 30 A R R o T
VRS 31 25 5 B 5 5 0 M © 5
SR A N1 SR 0 A B R 5
SERH £ P A B AR T R S R
PESCHR L 5 B L b T B
T 6 4 0 R
XFF—A N TS T W4 8 ST X2
B 1 TS T L B 4 28 0 46 5 B 150 06
VLA 45§ TR0 . 58
P, —Py,

D
itrl_] le j‘j%)ﬁ*ﬁl&%ﬁﬁ%éﬁéﬁ [ ﬁ‘ﬁ%lﬁ’ﬂiﬂ%;Pm

k,

91:1929"' (3)



116 i 7 B 2

Eid PN 2 Eitd 2020 4£ 7 A

S [ RO TR DO N BB
RIRA T G A IR, AR e, MR SR A
A R IR S L2 2N NI DS O -
AR R e R . R AR N AR 1 T

_Q?@ @ ® ol le
ZB:O : :
=) e—e —) e—o
@ )

B MaksTE
Figure 1 Diagram of power flow transferring
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Figure 2 Diagram of system unconnected

after the node is removed
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Figure 3 Flow chart of the critical node identification
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Figure 4 Diagram of node splitting operation
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Figure 5 Diagram of local power flow for Jianshan station
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Figure 6 Wiring patterns of Jianshan station
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Figure 8 Systematic topological graph of Jianshan

II station when fault occurs
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Figure 9 Systematic topological graph of Jianshan
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