DOI: 10.7500/AEPS20160330007

R0 & AA a0k

Automation of Electric Power Systems

MAMERELHNIEERERERZES

R, ==y RAE', 4

BULERHLER

= A R, EARAR®

Q. AR LTRF AR, LAE RN 2100945 2. FRILHR A HL 02 R R BEFE B . Y954 f At 211103)

HE. L 2R RARBHRMRE —ABESRAR A, L ANEEE RAAENT K 2 KA
k., ek AR AR LR ERSWAROREZ —, FEINILAFLFHEBEY RS KRBT R
A AEAE Y R GEIR A RS R AR A AR A R A AR Ak, B E M EE R AR R
SIEMB AN SREBREFEBRAETHALREZ. A TAZTEARI XY S8R ZEE 0 LK
R SHNEEMEFPETENAZTTELNRFEELOR.BHALT MAEBELY R; £LE
L HAFEHERALEE R AR, AT TRABBHAG RS EHE AR, F KA
CPLEX KM Bthik 5% 4%, IEEE M E AL AL F b M A%ty A2 R A0, & FHra A%
BRACT ERB A ARG KRR I ARG KRR,

Vol.41 No.3 Feb.10,2017

KEWH: H RARKE; BAEKA; EARYGR; MBR

0 3l

EWNE NI S | B 8 o ER IFP A
AT R KR . S T A L R e R A
FL O 452 FL A K 7 NS 450 FL R AR R R B AR R AT A
= R ERA RB) E bR R E] Y R 2
AR — DA AL S BEE RGBSR,
F 0 B AR SRR A ) T B A 5 i B S B i
PeALAL B T3 BE L X A L) R K A P i
HATEZEE L,

15 P R UK A2 5 A ) 00 I 2 7 T 29 SRR Y
FLfly b SR AR AL H bR 3k B S L AR R AR . B
AR FE R T b R 8T A K e e KT
VR S22 B I AL B NS L R 2 A H bR Y 25
AU AR R R AR A E R G2 HLA
¥ Je 2l B[R] R 2y 58 24 o DL R i A% 3% GE M
SRR R T R AR S B R B A 23 %
Ja SR 7 AR AR K W A5 R GRS —
(2 B B e SO Al Tl JL T PR A ik 52 B A A A i)
Hh LY SRR A I B2 R R O I A ) R B T A R
OrOOH B TS TR B e E —
AN 2 N R SRS R A B I 2D K
STRRAR . OO BN I A RS AR AL L R 2R

K AS B A 2016-03-30; 5= B B . 2016-09-07,

LB, 2016-11-23,

BR A AASEELFBA A (51507080) ;L 5 4 H -5 L4
F B A (14020420) ,

S A HE B T CRL A R PR S L 0 2 60 19 4%
12 I P P-4 2R I e B 1) JEL B L R R R AR
PEAT SR 10

SR R E AR AL L, B R 4
B R S [ ) A 2 e Tl A 3 286 i
KA T2 2R T 8 415 10 A I AU 5 A R B 5
2 ML AR IRL 3 e 7 b Pl B bR SR A 1) JEL B
O T AR RBOR 2 . L ) R GTIK A A BT
Fo W E A E R T SR A R B A A
F4 SEL B, T SCTR L8 TR AL 2EL WA A2 T e A1 A i) R A A6y
R BB B, R 4R v 1 LR (H 2
W AR % BV B AR LA IR R, O g, AR SO 22 6
J1 FGEPR A B AR A ) R A R B R A A
Y E S A A A T K AR B A A A 1R A i
TP 2 TROE LA AT 205 . TR v A I 45 0 BEE g
{0 7 N7 1 DR I 246 3 3l 1) 20 SR AR AV 3 T T A SO A2
AR I Al I v 3 A 24 TR A L L A B SRR
B AR S AR A A T v i R AT T 0T U B
Jto

HE T, AR SO T R 2% 30 B R K A2 AR 1 AL
7] L ) 34 1 240 S BT 3208 L A TR A B AR AR
PR TR R BB R AR SCET A DK A2 %A AR
FldRe /N Ay EAR 4K S 3 A2 110 A Tl 880 o £ v, ) 245 4y
Ry B 2L 4, SR 9 4 i B 1 ST 3 G 1 Y
AL e 1K s ik — 20 57 5 3 0 A 2 UM — 2L
(9 LA H A pR 8 K DK 52 e A DI Al T 8T A A5 A T
BB R T SR T CPLEX 8 5K fif d5e 10

http://www.aeps-info.com 25



2017, 41(3)

WA A . )5, it IEEE A5 R 40 f 52 Br R 48
8 0 FL B0 0 AR SCT7 1 A P E R AT T SRIE

1 EEBREMALRE

1.1 BHiRE#H
VIR 52 B A AR e /Ny B FR i 45 W RS R &L
AR AL SR TR O Beaz W BRI T A S R
A% L A H EH AR e
min F = > f(e;)c(e,) (D

o €r

Aree, B M ZEABEAR T 46 2 49 55 (6]
RIBEIREE G s f (e ) MBEAE e, FUAUE 5 ¢ (e ) AR
MR IBRE, FRE LT E, 1 R0 RRARK
iz 3 F Nz WK B A2 7 58 T A 3 4 B I BUIEL Z 1
1.2 HREH

D)3 B AN B il kg 29 7R

WA AR b BB A — & AR
I, i AR R, O — T AT e EUR AL
A it . P, mT LR TG T 24 0K A 24 5 ] 4k
%:6]:

ny ny "B
EQL/‘ < min(ZerﬂaxachmSm) (2)
=1 r=1 r=1

Kfeon, WIRE BRI S0, A EIFNHLA
Bod;Qu MR j AWML IR Q™ HHLH r
REWE W) Fie K TC T B 2385 Ko, HMLAL » 049 00 6 1L
Su HHLA r HIE R,

YEESIPYI RS AT

R Sh LA TR S BEE )R 3N, £F R B
BLEH Fir 5 f4 08 3l D) 38 8/ T 2 R S HLEH BT e 4 ik iy
RSNl

"G B
ZPCR,;' < EPCB.J' (3)
i—1 i—1

K ine R SIHLAECER; Por, AHLAL 7 BT 75 1Y
JA S E Pep, AT IFMAHLAL j BEGSFE ALY TR
3 ML Bl ] 24 5
B0 B K R L B A TR Sl ] BiR A .
0<T\<Tcu.;
TA,‘}T(‘(f,,‘
A Ta AW W)E SR Tew, AL i 5
K ST BB ] 5 Toe AR R BIHLA @ B B/
SV 5 BB ]
4) % 38 M 2 o
ERBLAEEE ={c(e;,)=1le, ETIEET#
UE H AR R B /N, i T LR A HAn 1 s 5 R
St B R U T 3 R A R AR AT i
5 FL R G L B AR AR B B ] UL, thy T AEE

€]

26

- RFE -

HLZL A I Zh st () 29 5, 45 i R & — B a2
() 22 By Be o SR ALk im) AL, LA B R B AR 2k L AR
MR . b T AT Je b b SR L B
A WEFE R A o3 i 25 Ak ) SR S — S
N BT A TR A A B 2P R R AR
Xif AN A N R B AR 0 A AL L TR RE 4 A A A Rl
B ABA R AR R R e, B FARSCE M IR
AR IR A BB E A B A T AE 09 JF b, B AR
A — B 20 N REPK SR 1T SRR A B AR

ARG % SCHk[5,10,12-13 ] UK, 7F —
ANEE A 8 B i R R R R L s TR
29 R i Sl (] 249 SR 08 5 VR R AR AT A AR
SR A I AR A AR ASE AN 25 %l o, (HAE IR
SCHR R F T A A 2 R B AT 28, 3R BRI
RE Bk Je AL T A5 4832 0 48 2R 1 IRl Pk B %A%
(7 1SR Ml . AR SC T AVEFE T4 34 38 1 29 3R i M 3%
K G EPK A AR AR A R TR A RO AR L AT AT DA A
FHRT AL CPLEX e sk i

2 ETMEREILHERELARBITRIE

RO S A 22 308 1P A e A 2 RO ol 0K A2 s A 01
LR PR L PR . AR SR T R 6 g L R
AR A v i T8 PR 24 SRR i AT SRk
2.1 MEREBILHERFEE

X Fh 2 R RS S e F IR Y R 2%, >
P 245 F DA R0 1) 28 5 A T L g — 2R OB AR
THUE A& PR AR S TR AR
IFAZ AR R P28 (AT A7) 3 . 7R BER b, 38 R fe/
B JH S v UL S 19 265 AL 190 T A 2 it ) R g ) 2%
PARIE T A% R0 B v ) 28 ) e s P . T ) 4 3 7
LER)Z M TR ARG E T E RS
AT A5 T

SCHR[ 31 7 e A 190 471 4 D 45 K 249 SROE 5 rh Ul T R
TR DA A1 A A 0 2% Dy 3% 0 R 4% .l TG
CN ST R S I S B Vi 8 Y NS 2 e
LY AT I S AR DA 20 D R 2% P AU TE
— AR O R A I B s O R K R AR
— B/ @A B AR e L M 2 Hh b ety . s 2,
Ao B B E DG A I A phe SR A 2 TR A
6 o0 4% 30 0 A L 3 DU A % BRI L R 45 L R SRR A
AR Al TR RS v Y o0 2% % 1

AR SN T ) 28 30 B 18 8 7 3 T 1 2 SRR AT R
Y AR S DA < IR 28 R e — RO IR R o S L
4L i (PR SRS ) 5 3 e 7 A U R ST 24 SR AR O
A LA I A 2 1] Sl L A R IR R —
SE T 38 AR 2R DR AT R AT RS s



RN LS5 L IR 4% U 45 L R SR R A TR A A A A A Y

[F st 4 A — A B AR 3L o5 B — D R A —
AN B B L R IE T IR SR A — D R I

R b T A 5 v K A2 B A I A v 2330 5
SE PR R e B I ST AR 2 ORI A R,
VU35 1 2 SR P B A B A B O E A . IR
18 3ok A 24 SROMIAL ST R 24 TROAT L figp B 3 3 o e
2.
22 FRAGHBRZCMNERE

BT I 2% it ) Sl 3 2 o A T A e A
T 5 FL 28 G R e A 00 AL rh SR A 190 285 41 0 DA T 1)
Pl AR 1 e A5 LK B AR G 3R D IR 22 AL Y A 1)
P4 ASCLAP 1 rp i 19 265 Sy 491 156 1T 0 5 22 91 1Y)
%,

B1 BERZLCKN%

Fig.1 Single-source multi-sinks network
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Mixed Integer Linear Optimization Model for Path Restoration of Blackout System
Based on Network Flow Theory

SONG Kunlong', XIE Yunyun', YIN Minghui', ZOU Yun', ZHOU Qian*, WANG Chenggen®
(1. School of Automation, Nanjing University of Science and Technology, Nanjing 210094, China;
2. Electric Power Research Institute of State Grid Jiangsu Electric Power Company, Nanjing 211103, China)

Abstract: Optimization of power system path restoration is a combinatorial optimization problem, the time needed for
computation is increasing exponentially with system scale. Therefore, speeding up the computation is one of the research
hotspots in this field. Considering the connectivity constraint in existing research has not been analyzed as yet, the optimization
of power system path restoration cannot be formulated as a mixed-integer programming model. Therefore, the blackout system
is translated into a single-source multiple-sinks network. Then the bus operation state and amount of network flow in the
transmission path are set as decision variables, while flow conservation and capacity constraints for each bus constitute the
analytic expressions of connectivity constraint. According to the fundamental principle that the path between nodes of flow
injection and arrival is connective. On this basis, a mixed integer linear programming model for optimization of path restoration
is built through the analytic expressions of connectivity constraint and by translating the objective function into linear terms.
The optimal path restoration is solved by CPLEX. Finally, the proposed linear model is validated by the IEEE test systems and
Jiangsu power grid.
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