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Fig.1 Flowchart of expansion planning method of

transmission network considering cascading failures
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Table 1 Results of expansion planning schemes of
transmission network before and after considering

cascading failure resistance

gy AU OIS, o BRSSO
g KB R/ R/ R DG
oM e e % S/ MW
A3 5.7 0 5.7 14.7 5298

B 18 4342 0 43.42 100 0

H 2 IR AL RS RT3 T 4548 .

D75 A 575 %8 BHRH R AL AE 7 i TR oK
e A FUBTHE 3 45 30 EE T 6 B /D 3Rk 15 4%, %
W ZE R AR AL R A E A RUNAS N 5.74200, e
2B RNA 37724070, TR AFEL T T A —
EPLH

2)— H kA E B, an SRR O 2 RS Tl 2
1 Z2 P BRI TE T B AN DI 67 A, IR A e B )
ZEXT Ak B B EL A AR RE . BT R
A, IR s R R 14.7 %, T 7 5 BB
Tl FE XY 0 XA 4 ) B R

3) 3 o AR5 H A 2 A A e 1) )
Tar 48 2K SRR 2 DR R AR L RE NS TE O LMD B R %



140 L/ AR {7 G-

F41%

BB R Y B R TEHR . 278 S0k [20 ] il
5 HL S B A HL TR 8 b, 255 P A i ok Oy
982.27C / kW o i A5 7 58 A A A 3 B
Jei, PR A R R A 524200, R A B A
RS NA Z RN 57.7 4270, KT 75 % B IS
A 43424070, WL LRE WL, J5 5 BRI S
20 TR 6B 1 2 P4 B e F
322 FRIRME BHE A N-3 % A M &2 R a9
X7y %

T IEHRAE B (dim (£1)=3, 7= B) M
I8 N-3 A M 2 2o (5 5 C) i v, 1o 4™ e AL )
ZERNR 2 s, BAR IR 7 22 WIS A R A2, L
N AR V-3 2242 0 2% 2 ol 1) i v, T R0 7 58 R 8
PR T 1R A T o B o B By S BB

F2 ZEMEEHHEMEEN-IREMBELHRY

WEMNT RAXER

Table 2 Results of expansion planning schemes of

transmission network considering cascading failure

resistance and N-3 safety network constraints
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N-k safety network constraints
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Expansion planning method of transmission network considering cascading failures
ZHOU Jing',ZHANG Heng',LIU Dundun', CHENG Haozhong',LI Gang’,ZHANG Xiaohu®
(1. Key Laboratory of Control of Power Transmission and Conversion,Ministry of Education,
Shanghai Jiao Tong University,, Shanghai 200240, China;
2. East China Power Grid Company,Shanghai 200210, China)

Abstract: To improve the power grid’s ability to withstand multiple-faults, N=k safety network constraints
are often embedded in transmission network planning. The correlation between faults is not considered by
the planning method, which leads to a large number of fault scenarios and some of them are inconsistent
with the actual situation, moreover leads to redundant investment. A two-level transmission network expan-
sion planning model considering cascading failures is proposed on the basis of considering the fault correla-
tion. The upper model aims at minimizing the sum of line investment, operation and load shedding costs,
and considers fault chain constraints. While the lower model aims at minimizing the load shedding, and
checks the cascading failure of the planning method obtained from the upper model. The upper and lower
models are linked by fault chain constraints,and new constraints are added by iteration to reduce the solu-
tion scale and accelerate the convergence of the algorithm. Taking the IEEE RTS-24 system as an analysis
example, the simulative results show that the proposed model can resist cascading failures while improve
the economy of the planning method.

Key words: expansion planning of transmission network; cascading failures; fault chain; N-k safety network

constraints
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Risk prediction and risk level classification of subsequent commutation failure
under symmetrical fault based on change of DC current
WANG Yu,LIU Fusuo,LEI Jie,HOU Yugiang, WU Xuelian,LLI Wei
(Nari Group Corporation / State Grid Electric Power Research Institute, Nanjing 211106, China)

Abstract: Under the influence of the unstable voltage of the converter bus,continuous power shocks caused
by multiple commutation failures of HVDC (High Voltage Direct Current) transmission system have a great
impact on the safe and stable operation of power system. It is an urgent problem to predict the risk of
subsequent commutation failure according to the real time operation status of AC/DC system. After analyzing
the basic process of commutation failure of HVDC transmission system, the relationship between the arc
extinction angle of inverter side and the change of DC current is deduced according to the quasi-steady-
state equation of HVDC transmission system. A method to predict the risk of subsequent commutation failure
based on the change of DC current is put forward. The time when the arc extinction angle recovers to the
reference value after the previous commutation failure is selected as the pre-determined time. By estimating
the change range of AC voltage,the DC current rising range corresponding to the subsequent commutation
failure is evaluated,and the risk level of subsequent commutation failure is classified in HVDC transmission
system. The risk level of subsequent commutation failure is determined according to the pre-determined
time. The validity of the proposed method is verified by the standard testing model of the Cigre HVDC
system in PSCAD simulation software.
Key words: HVDC transmission system;subsequent commutation failure;risk prediction;risk level classifica-

tion; quantitative assessment
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Table A1 Results of expansion planning schemes of transmission network before and after considering cascading failure re-

sistance
UES BTG S
A 6-10,7-8,14-16
B 1-2,1-5,2-4,2-6,3-24,4-9,6-10,7-8(2),8-9,10-12,11-13,12-13,14-16,15-24,16-17,20-23(2)

E: (QFRHE 2 [
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Table A2 Results of expansion planning schemes of transmission network considering cascading failure resistance and
N-3 safety network constraints

Ti% W S
B 1-2,1-5,2-4,2-6,3-24,4-9,6-10,7-8(2),8-9,10-12,11-13,12-13,14-16,15-24,16-17,20-23(2)
c 1-5, 2-4, 2-6, 3-9, 3-24, 4-9, 5-10, 6-10, 7-8, 8-9, 9-12, 10-11, 10-12,

11-13, 11-14, 12-13, 13-23, 14-16, 15-16, 15-24, 16-17, 16-19, 20-23

& A3 ERIREEISPEHE S B A E S SPE R KGR
Table A3  Results of expansion planning schemes of transmission network considering different length of fault chains of cas-
cading failure resistance

TR G S
dim{¢"}=3 1-2,1-5,2-4,2-6,3-24,4-9,6-10,7-8(2),8-9,10-12,11-13,12-13,14-16,15-24,16-17,20-23(2)
dim{¢'}=4 1-5, 2-4, 3-24, 4-9(2), 6-10(2), 7-8(4), 10-11, 11-13, 12-13, 14-16(2), 15-24(3), 16-17, 20-23(2)

dim{¢"}=5 1-2, 15, 2-6, 3-24, 4-9(2), 6-10(2), 7-8(4), 8-9, 10-12(2), 12-13, 14-16, 15-16, 15-24(3), 16-17(3), 17-18, 20-23(3)

T AL EEN-KREMELAREE MY BRI R (k=3,4,5)

Table A4 Results of expansion planning schemes of transmission network considering N K safety network constraints

Nk L ba]
k=3 1-5, 2-4, 2-6, 3-9, 3-24, 4-9, 5-10, 6-10, 7-8, 8-9, 9-12, 10-11, 10-12, 11-13, 11-14, 12-13, 13-23, 14-16, 15-16,

15-24, 16-17, 16-19, 20-23
1-5(3), 2-4(2), 2-6, 3-9(2), 3-24(2), 4-9(2), 5-10(2), 6-10(3), 7-8(2), 8-9(2), 9-12(2), 10-11, 10-12(2), 11-13, 11-14,
12-13, 13-23, 14-16, 15-16, 15-21,15-24, 16-17, 16-19(2), 20-23(3)
1-5(4), 2-4(2), 2-6, 3-9(2), 3-24(2), 4-9(3), 5-10(3), 6-10(4), 7-8(4), 8-9(3), 9-12(2), 10-11, 10-12(3), 11-13, 11-14,
12-13(2), 13-23, 14-16(2), 15-16, 15-21(2),15-24(2), 16-17, 16-19(2), 20-23(4)

k=4

k=5




	202112018
	附录

