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Fig.1 Definition of flow betweenness
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Fig.2 Impact of contribution proportion
factor on flow betweenness
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Fig.3 Impact of generator-load pair weight
on flow betweenness
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Fig.4 Topology graph and critical lines of Gansu power grid
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Fig.6 Relationship between power
flow and flow betweenness
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Table 1 Critical lines in Gansu power grid under heavy
load operation condition in winter

k%

Hp  REEAR % /kV RS2 S R 324 Fj
1 RNCIES 750 R VA PG A 6 387.62
2 H L 750 AR AR R 5 958.66
3 ATV £k 750 T 7 AR R AE 4914.21
4 U5 330 AR WAAWAS  3907.10
5 T 330 AR 7E PG 3 885.23
6 Rk 330 KA YR 3 839.87
7 JE L2 330 JE P4 AR ZEMARAE 3 765.26
8 Xl 2 330 XKW kAR 3720.15
9 X £k 330 XIEKWeH T R 3 587.66
10 Bt 750 AR ZINAAE 357151
11 W 55 2k 330 W R A FUERAE 3 403.07
12 I IR 330 I ¥k A% WE AR 3 293.45
13 RAEE 330 P JE g 3222.71

[i] Ao o A A, R AL SR 330 kV 2k i
FT i3 T AT T 750 kV SR E L 1 EH
£ % 330 kV 2k B% 1 O HE M HEAE (AR 22N R
750 KV L 2R, 3 U B A KT E )RR G0 0% B AR
AN BEAAR 57 28 1% T A% B 1) T 3R, [R] i 38 22 2 j 4
T FE B A 25 g v T Kb ) 7 B L A P R R A T
RAE G S PR B HE AR
3.3 XEBABUEETHERAFNEXLL

SEPRHL ) R GEE AT, S A 4k e 1Y) 3 4 R
Wi A 1 25 51 K R TRl A 25 2 0 for o K0 e 3 PRI A ) 7
o VT ok B A L TR I AR S 3 B 2 A g A B R T AR
G W INARTE , FELR A Gk T W B b, RS T fiE
SR AN AT TR 25 o PR R L L e g
PRFE S DR, WA 8 T 5K fufr S . AR 3¢
G 3 R I I R s LA 0 I 3 T 0 3 BB Y
LR B T e R ) TR

1) RfALER % R . AR B ALAS bR — 2 4 i, &
210 W2 I3 30 F 5 T fap il 8

) FET AN B, SRR AN B
() — R R I 7F 5 UK RS o 4k 85 i BT 4 I L S B

3) T A BB L OB B A B



CEREE -

B P LAE R R I W U A B LA O B S U T ) 1

() — A5 26 % 70 B IS I 4k 6% 5 o0 488 I W I A 2

3 Tl 248 B 00 B SR T H R R D 2 2 A I O
B 7 B, BB 7 a7 0L 78 BEAL SO T HOR B RN
KA AT W, HEVIBR T 6 K42z n
B Aar PR 5 T T E A BRI TR A B R T
T WY 2 2% 97 Aoy 2t Bl 2 £k I S W7 ) o 77 L o 4
I HL 3 F 30 A B0 38 K il 2k T R B X
AH H P e B 22 4 ) 9 58 H 3 kR O A Bk B R
B o 23X B 2 fi U)o B T R A AR AR A TR A
MBI H AT LA W 5 7 K I B I U R
i 7 f 45 25 £ 3k 390 MW, T 6 1 L 45 A %11 17
PRAA 320 MW, KL Al LA W & I A Bk
i e N S R R VA= = W o R R i [ v =
% T 35 b U R O S L B

450 — prpligms
4001 — S/ S
. 3501 — A A
300}
=
iz 250¢
ﬁ 200f
® 1501
1ol
s0f

0 1 2 3 4 5 6 7 8 9 10
VIBRICT
B7 AELEHERETHERAR
Fig.7 Loss of load as lines removed by three
different attack strategies

3. AREBITAXNTHRNBNTFS

N T Y UEA [ i 47 J7 2T S A B A2 Ak
A R IBCH A R R 4 Fhas 4707 30 AN TR s 47 7
2T i L 2 B HL A BN ] 8

8000
—— AR
7000
! AT
6000 — HERA
2 5000 —— HENGT
&
2 4000
& 3000
2000f
1000F
0 50 100 150 200 250

i L2 B S
B8 ENIEITH X # 8 a %0

Fig.8 Impact of power system operation
on flow betweenness
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Flow Betweenness of Transmission Lines and Its Application in Critical Line Identification

LIANG Cai', LIU Wenying', DAN Yangqing', XU Peng', ZHOU Xichao®
(1. School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206, China;

2. State Grid Energy Saving Service Company, Beijing 100052, China)

Abstract: A new concept of flow betweenness of power transmission line is proposed as a criterion for critical line identification

in a power system. This new concept is based on comprehensive consideration of the extent of a transmission line used by

different generator-load pairs, and the influence of generating capacity and load level. The criterion can adapt to the variation of

power flow distribution under different operation modes. It can also quantify the contribution and effects of transmission line on

the whole grid power transfer with a more comprehensible physical background. Case studies based on Gansu power grid show

that the flow betweenness distribution of transmission lines has typical heterogeneous characteristics, i.e. a small number of

transmission lines play critical role in the power exchange, and the load loss under cascading failure based on flow betweenness

is significantly higher than the existed electrical betweenness and random cascading failure manner. Moreover, the critical line

identification results and the influence of different operation modes on flow betweenness are closely in line with the actual

operation characteristics of Gansu power grid. The case study results clearly validated the effectiveness of flow betweenness.
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