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Table 1 Division results of system transmission lines
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Fe5
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3 6 0.0601 10 0.0463 6 0.0619
4 11 0.0561 38 0.0452 38 0.0558
5 41 0.0541 37 0.0446 39 0.0527
6 10 0.0495 28 0.0381 31 0.0406
7 9 0.0488 41 0.0347 24 0.0393
8 14 0.0394 9 0.0342 37 0.0385
9 28 0.0352 0.0341 20 0.0376
10 27 0.0319 5 0.0340 1 0.0353
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Table 3 Ranking results of transmission lines

based on cloud model

o) ATy ik ‘ SCHR2 )77
KHHT RS LR AR
1 10 5 0.267233
2 6 1 0.261981
3 17 2 0.207987
4 9 4 0.195171
5 38 6 0.131410
6 39 3 0.127275
7 12 9 0.086781
8 28 10 0.066454
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Table 4 Identification results of key transmission lines

) LM
ARIT SCHRE8 7k SCik[28 1753
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Identification method of key transmission lines in power system
KANG Zhongjian, LI Changchao,YU Hongguo,ZHENG Shichao, Rl Kihong
(College of Control Science and Engineering,China University of Petroleum,Qingdao 266580, China)

Abstract: The identification of key transmission lines is helpful to prevent power grid disasters and im-
prove the safety and stability of power system. An identification method of key transmission lines in power
system is presented by evaluating the impact of power flow after branch outage. Firstly, the phase angle
segmentation area is defined based on the theory of equal phase angle line,and the transmission lines are
partitioned according to the phase angle segmentation area and electrical distance. Based on the generali-
zed entropy index theory, the generalized entropy index of power flow growth rate is defined to evaluate
the distribution equilibrium degree of power flow impact after branch outage. Then,from the perspective of
network topology structure, the Katz-Bonacich centrality index of the edge is defined to evaluate the impor-
tance of transmission line location,and the redundancy index is also defined to evaluate the system’s resis-
tance ability to power flow impact. Finally, based on the principle of cloud model, the evaluation indexes
are transformed into cloud model, and the evaluation results are presented in the form of cloud map. The
IEEE 30-bus system and New England 10-machine 39-bus system are simulated,and the results verify the
correctness of the proposed method.

Key words: electric power systems; transmission lines; generalized entropy index; phase angle segmentation

areas ; Katz-Bonacich centrality;load rate



0.09
0.08
0.07
0.06
0.05
0.04

LA
T

i

0.03
0.02
0.01

T

|

|

M

§

0.0

)]

0.0

0.0

Ey H.
=

0.0

Ey

0.0

(3]

0.0

o

W
T

W
T

—
T

10

15

20
P 2R B A

25
=

30

35

—e Katz-BonacichH b ¥ ,—= |7 SUTEH, — RE R
EAl FEERMARSER

Fig.A1 Simulative results of different indicators

|

45

%
>
>
”
4
>

0.0224  0.0565 0.1107
XS 10

W

1
0.5

0

-0.0275  0.0497 0.1169

XERS6

1
0.5

0
-0.123

15

20

25

oL R BR G

—

w=Eq — H,

ElA2 Ex. EFNHHHELER
Fig.A2 Simulative results of Ex,E, and He

0.0416 0.1629
XBHES 17

%
>
>
>
:
?
:

0.0296 0.0361 0.0421
XBRS28

o
- & o
E‘

-0.0322  0.0257 0.0802
XEBHS20

>

o
o
153

0
-0.0628  0.0224  0.1009

THBRES24
1

0.5

P

0
0.0087 0.0174 0.0415
MBS 30
4

0.5

>
»

0
-0.0182  0.0128 0.0398
X B4 S 36

1
0.5

0

-0.0896  0.0333

XERET

0.1586

1
05

»
?
>

0
-0.0038  0.0244 0.0514

XBHES4

1
0.5

0
-0.0567

1
05

-0.0141 0.0243

MRS

0.0317 0.0898 -

0
0.0047  0.0387

0.077
X BRSS9

887  0.0315 0.1395

MERESH

0.0799
XHERSS

1
0.5

-0.0028 0.0223
XIS 26

43

>

-0.0541

0.0223 0.0806
X B 4 S 31

1
05

>
»
>
>
»

0
-0.0124 00173
XEBHS18

0.0532

1
0.5

0
20.0102 0.0123
XEBHS 35

0.0383

-0.0237

-
P
4
;

0.5

0
-0.0199 0.0103

0.017  0.0489
XHBEHS 32

0.0557
XBHRS23

-0.0322

05

1
0.5

0
-0.0176  0.0101

E A3

0
-0.0179

0
0.0026 0.0151

0.0242  0.0774
XEHES2

o
.
&

0.0222  0.0627
XHERSI

-0.0567  0.0377 0.1198

XEESB

1
0.5

-0.055 0.0376

0.1522
MRS 39

0
-0.0888

0.0373  0.1427
XBHS12

-0.0669 0.0286 0.1232

ZEESN

1
0.5
0

-0.0096

0.0286
XEHES1

0.0662

,
7
>

0
0.0249 00237
XHBEHS27

0.0764

1
0.5

-0.0164  0.0233

0.0652
XHEHS15

P
>
>

-0.0139 0.0206 0.0809

XIEES25

0.0274
XHBEHS2

1
0.5

0
-0.0084  0.0145 0.0298
XEHS21

1
0.5

0
0.
1
0.5

-0.0068 0.0139

028 0.0198

XEES29

0.0711

0.04
XEHS19

0.0417
XRS5

1
0.5

0
-0.0206  0.009
XBHS13

0.0382

SZRERNHTESR

1
0.5

0
-0.0214

0.0061
XBRHSM

0.032

Fig.A3 Simulative results of comprehensive index

-0.0166 0.0266 0.0588

XBRESS

0.5

-0.0882  0.0224
XS 40

0.1404

1
0.5

-0.0607 0.0182
XEHES 14

0.107

1
0.5

0.0025 0013  0.0256
XHEHES 16

45

Cloud Droplet



Al N-1¥PEF

RGMHEER

Table A1 Simulative results of system after N—1 fault

o &S0k SR
T EkgRS RBNLEEMBEY/MW  BEDRFEEMW RS REHLERIED/MW  RE D BUEMW
1 10 193.14 3.941 5 192.04 2.840
2 6 192.06 2.864 1 191.73 2.528
3 17 191.80 2.599 2 192.03 2.831
4 9 191.84 2.644 4 191.93 2.728
5 38 192.15 2.946 6 192.06 2.864
6 39 191.77 2.575 3 191.88 2.676
7 12 191.70 2.496 9 191.84 2.644
8 28 191.69 2.495 10 193.14 3.941
9 7 192.18 2.978 26 191.74 2.539
10 37 192.02 2.822 41 191.67 2.467
*  Cloud Droplet
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Fig.A4 Simulative results of transmission line importance
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