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Fig. 1 The flowchart of traditional power
system N-K analysis
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Fig. 2 The flowchart of the analysis
method in this paper

B3 R A R AR T e P R A R
AP AR fifp AR 1 B8 A 205 7 o BTN v, g 47)
T B AR AR S LES F 82k B AR FE b, B2 (]
AER R K 45 € B ZRAF T, SR BERS 5 FL M)
DI A f R IR R T 2 TR U 3 )=
[l R 3R 1) I 2 5, A AL R T 2R s AT 1
DL, TR AR L M 25 2RI AT AR B S5 1F T, Jl a1 4
S AHLZ A% Hh DR /MBI UD T . R 2R

EJZ T H AR eR BT 25 45 b 241 5 BT 5 1k
£ P I /N U7 87 A 8+ A R R e A A Y
SR, REAE BLIE 4 513 v I 947 g DR g e
M.

2 Him

21 LEEE
SCP RSN ST T L e i S, ST B
i i € R €5 8 i D o =3 I P U S R AR I B
INH
maxz AP, (1)

s v, WP LIBFTIREE,0 FoRiElFIE , 1 R
IEHIBAT: D O A AP, T2 UL
AT BN B G 5L d X LA D) 7 i
s.t. ;;(1—%):K (2)
AP LR A G K P b s b s
2.2 TEE#
T2 R I e W ATL 2 i e D R PR R B
MU It T i, H AR RECRT 7R
AP; e arg{ min ZAPdé (3)

Pf,APg,an,APddED
Py R | S A IR AP, Ry & ra b4l
g TESF UG WA )R PR 55 5, 5 AL n XJ B
(Y HL A AR 5 AP, i 0T 9 A d 6 R B D) A fi
(1) &igtimar a2y, B
Pﬁ—iZA,dan+(1—vl)M>0 (4)

xl neN

S|
Pr==>A4,8,-(1-u)M<0 (5)

-9 P < P} < o, P™ (6)
e R LR A, D7 R S SRR
Hon AT LA RTCERAE M NI — BRI HEG P ol
S RTS8
B L EH BT, v, =1, H120(4) K (5) 7]
2R T A DR RN

1
P; = 7214!1[611 (7)
xl neN
HixC(6) AT, BERS v, = 1,45
-PM™ < P, < P™ (8)

(7)) () M AL GE i R B A i A B 2R
T2 3% 1 B as i, o =00 fF M ONECRH
B AR (4) S(0S) i 293, i X (6) AT
1, BERT R 1t i DI Py O 0, SR B
(BRI AT, 2 (4—6) RER Rl FRan £k
HEIEH 1247 M R f5Ei2 1 DR A



42 & AH) ALK

(2) TRINFFHAA . X T4 5 n, DL 2
TEAIZ 5 DA AH 5 /I
N (P, +AP,)= > B,P,+ Y (P, + AP,)
gen len den

(9)
Kr:gen,len,deniphlRRkEilA g 4k
P& L AT d 55 R n M 2k L DR LA N IE,
WMANTIEAEL B, B IERFIRLRE [ T30
JrTal s Py R IR 2SR & B LA g X 0 4 4 i 2
B TERERI PO 2538 WRG AP,y BN IS & B L
2 g % AR AE FRE B 18] N ) PR A 15 P, D BAfT
d R BT U

(3) KRENHR KRR, KL g 7E
R 5 ) PR A AP, W R AN 23R
-r,At < AP, <r,At (10)
s r, WAL g S RIS A Sy RIFHY
PAEEIN ], — Ry 5~ 10 min,
(4) BLA SR P)AEa 2y o, B
P < P) + AP, < P (11)

S PP AR HLAL g B i/ o VR

S

SCHPRRL i T 2 LA AR, AR T 2 ) Dy
RE AN BT, P = D0 AR Y 5 T A 5K
ST IR AR R A R O SOE S EAMIERR I
TR S REOE R R R TIRE Y ORI
AEIE R PR R Sk A TR M R A
AR 3 PR

WAL TE

!

R

TSR T Hi R

S
=

A
!

AT PRSI

]

3 EEEEKRMRE
Fig. 3 The flowchart of GA solving process
(1) Wi LR, R il g bt 77 =X, R
R — MR N AR (N &) o 750

HRAEIY B, A N (P BEHL I K (35 B 4l 0(K
S IR (i e T ), R X IO % e o 28,
fbBeE N 1,

(2) SERLEETE . T 2 I e B, B
51 A A v 19 5 /NI 67 R A S S AE BB % T
FIRRE R B A 1A, T SR AR T8 3o T 22 ) R ) 345 5
J , T JZIRBER A CPLEX S flsk it

(3) WS . MR B AR OB i
FRE IS

(4) LR SR AR P S8 UAE
SRIBS . o AR A O IR, SR P S S A 7
A E AR BB T — (IR, L e R AL
BT —FRH AR A Y 58 B R B s A
B

(5) AAFHER RS, Sttt A8 RIS s 5,
AN T A 7 B IR 45538 4R K A BT BE R S5 T K,
S J I =11 A 3 DG s 7 N L 7 N
A5 10 5 BE ML E 5 1) 7 kA S 0 A B, ot
A X SRR O A B T B 4y K

4 HBI5HR

41 |EEE-14 ¥ HEHI R %
EIGLL IEEE — 14 55 503 52 0 4] 0 A7 3L W .
IEEE-14 95 s{ RG4S HOR A STIR19 ], A bl
AEAEANZR 1 PR, G s i3k 2 PR BEE A
TRy 100, 58 SRR 1.0, 22 54824y 0.001
F1 HAKE

Tab.1 Generator data

Bife  BoRhs/  Rohhgs  RWEER s/
R MW MW (MW +min™") MW
1 200 50 3 90
2 100 0 2 70
3 100 0 2 45
6 100 0 3 45
8 100 0 2 20
F2 GEHIE
Tab.2 Load data
FRAEti s R/MW e R/MW
4 45 11 18
5 54 12 18
9 54 13 25
10 36 14 20
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Tab.3 Results comparison between two methods
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N-K Fault Analysis Method for Power Systems Based on Two-level Programming
LIU Guojing', LI Juan *, TAN Jian ', LI Hu ', SHI Jing ', HU Xiaoyan '
(1. State Grid Jiangsu Electric Power Co., Ltd. Economic Research Institute, Nanjing 210008, China;

2. State Grid Jiangsu Electric Power Co., Ltd. Research Institute, Nanjing 211103, China)

Abstract: The traditional N=K fault analysis of power system generally adopts the method based on combination and traversal ,

which has the disadvantages of a large number of fault combinations and low computational efficiency. In this paper, the two-

level programming model of this kind of problem is established, which can seek the fault combination causing the maximum

amount of grid load through the way of optimization. Aiming at the fault combination determined by the upper-level problem, the

lower-level problem simulates the operation of the grid after the accident, to meet the various types of power system operation

constraints, by adjusting the generator output power to minimize the amount of grid load. Furtherly the flowchart of genetic

algorithm to solve this problem is given. Finally, the validity of the model is verified through IEEE14 node and IEEE118 node

example system.

Key words: N-K fault analysis; two-level programming; power system plan and operation; genetic algorithm
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