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Fig.1 Structure of centralized protection system
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Fig.2 Overlapping modes of regional boundary

EES AR F SR A S NN  = ai]
FEAEQRAP L X, WY DX I3 J0 05 HE 8 U0 o AR W
B RBLFEEE B, B B, X 2
A b A SRR SR S A R (E TG Ak A i A5 R
Ba Tl e E ST AU R AT
M5k 2 PNIE R X 2 2 B AR 1
W, Al I DX 1 SR AR R A SRR A IR
ARHLYE 1 3 AR IR S SR O R AR T
Bt b ARRE, XIS 1 B X8R 2 By et T e i R AR Ry
Br, 23 S AR B vty 2 3 A B9 J A DR R D 7 [ 32
ER- L AN =3P AR/ € /AP NI S A E T i G
PAPRUE | {EE 8 A v | B fi 20 DX R 3 | X dekse
bR E EANE BT R Ba e A R, Zi L
AR SC e WU &8 DX IO il 2 7 AT P 0 X

2 EhXEBEERIPIRAE

R SCHE TS AR B 25 5 WM 7 SR EA T IX
A 4) | 2 T Ay A XS A 56 R b 3 S 2 A
M N — v st S, ) P A 4 R e e S s R4
RI7 B0 E KB DL R Tl il SRR —
DX I A e A P S 0 B R AR 3 TR,

|@v$&@¢ﬁw% L |

|ﬂmﬁﬁﬁ%mﬁ%&@%T%WE%W5ﬁ|
)

X Bl 3 5 EE Y

N
(2 F—hodigngEsd]

)
BB & VT 0 o 0 L

3 ARFHEREE
Fig.3 Flowchart of regional partitioning
2.1 HEMAMEEBT K
FEL O 471 235 A ] MR B0 552 s 1 205 D 1) 142 10 1
PEAT AR I 3 L BB ) e 0 il ] 32 4 5C R AT 0
B o IR HL il Sy — AN FEAS Y S B A B O A Y A




%28

FACRA , 55 5 T RGBS VAN 1 ) 305 # R 97  IX 5 12 @

LU T BT S5 B8 Vil [ 3% 2 R Oy 3 B AR
SISO T SRR E, BT AR vV A
AR E AR W NS R I IE S G(VLE)

VLKL 4 7R 09 TEEE 5 19 s R G 6 R ], 57 ]
5 AR B FEMERL 6,

1 2 _ 3

5 IEEE 5 W R E it B &R
Fig.5 IEEE 5-bus model
simplified by graph theory

4 IEEES TR &%
Fig.4 IEEE 5-bus system
22 SEREENM R XBBRS
ISR W P U R M R R D H 3l A AR Y
s SBHEOCZR o X T Y AR FNETIN 5 &0 45 5 1
A N— nxn B @77 B AT 902055 s RS X
REHGH § A7405 9102 400 1 1 A 6
Fo UMW B I QR4 [ b X R A6
EHRITEN 1, AW A EITERE A 0, B A TR
RN

Al =" Wi EAEAE
DI W L R B
MR IR 5 Sy AR AR I
11010
11110
A=|0 111 1
11111
00111
GHEBERATEALL [j,i]=1, 750

jl=A

KRB A AL, j1=A[j,i]=0, W95 87 j AK
B, XT3Nk, &AL, jl=Aj,i]l=1,
Ali,k1=Alk,il=1 A[j,k]=Alk,j]=1,0uH]5r
Mgk RHR AR OCHK A SO HE 2T R G
RO X F n A IR o AT SRR 2 A
M GBI ALL j1=A),i]=1, W% n A5G
B 5 DUAS B
23 HRAE
231 BAERBIEAAL

(1) SR FNEE A B AR 2.1 1 prik 7 i
SR P ZE R RO PR AN G R BT B R ) R G
Aol e A )b R A S R R L sl £ (]
LAk Ry B IR R HEAT AR AN A 3 T AR I ST
TR AL

() a &t BIRERER R FEEH —
HL ki,

(3) N HL i & R Al T

a, TG A =i P E=1,

b. R HIHE A SRTE T A =A;A (A, S 5
JC R H I B AL AR AT TR H O AT R
Py XTBR j AN A WA A [ m,m]=1,m X A8
HLul | AP ATIk

c. IR A, K43 omede | 7 A R A2 3l 22 [8] 14
AR K AR m SR B AEAE AT,

d. A=A-A, % Alp,jl=Alj,pl=0(p=1,2,
eon),Alm,m]=1,

e. WAL 5 KR/, Y k=K 801 Ji R 5g e
B BAT PR £, WA k=k+1 j=m, BRI IR d,

£ AR At T B S g B O
7P AT IR B 1 TR, R L < L G
il R AR AR T Tl 5 A 2 AN RE I A DA AR )
MU IR | 6 OGE B AR 1 b —Ab b i R R K
B EEW R < L, BOZ 0 A X 7E X AR A
(1) 301 5l

2P, e b 7 5 XU A R R
232 T—¥usbs

T BT TR T R s X A AR
WG FM MR EE LR, P, AKX
WA K TR — O s R T RO A ik
A IF A BRI 255 PR 1 0 s il e 401 1

a. 1O B9 AR 2 v B A 300 B 1 il A e Ak
AT 103 | BT A i -l ) R — A K SRS
5 I A B D DK AR

b. Wil Bt Fulith &k & k=1, EHGhFFuih
Syl j RIRESR 2.3.1 BRI R SR
Rl SRR K-1 20 ikuh b, Hizih Bt ul
ol b A x 62w+ 2, < Lo B R SPFROSE b
FRT — ol Sk A

c. LUl L T R A Ll R R A
K5 E—doubiE e X IESR E R,
W HE B E M AR ESNE, 45K
R BEAREAE R 2R 6 AR & R A
R s T R o T W o DA R T VA

Wl b A8 B G A5 AR B

B= {blbea""bl} (1)

2 g sl 8 ST 0 T AT R e TR A R A

= U.

U=t{uj,u, - ,u, (2)
XA rh A i PE N R V R .
V=[v, v, - v,] (3)

Hol o) wy o 0, WIZBH ST (0, FHE T 0y,
IR HE ), PR R E AT — T R A
HIE

£ VA A3 A B B u,(i=1,2, -, p) IEAT
TEAY |, VAN 45 S AE 45 VR 12 v A 3R 08 B ml I S s
LR FR,



(78] ® 0 8 & iR B

F£37%

RF[M rp riq] (4)

KT8 Ar 0 SRS B R EO 15 7 XA 5 B —rh
Ol e FE IR S [ AR B R AR Y o+ 1 THEAFF
K Y SRR 7 e i S B LR vk R B, R BT
Ui b 5 Pl S AR R KA M = (w4 1) e PR
INE M’ = (20,4 1) i, TR H I BNy 0y B v, 30 3
(L-M")/(M-M") T8 &5 PEE 5 7

B X IRE SR J, aTIRYE «, /1 ST R BN
HITAE SR

P, 5 0 0 M 2 50 Ry s A, D X 0 I
5 10 3 S i R ek B PR 2 U R AR R
WRBCE R WAL B N B e B S SRR e
BEAUN Zy 1) 35 | AT R e RPE 10 7 36 i 2 PR (E
Paire

8 7 255 DR RS R RSURR P

R, rn I Ty
R=| oo (5)
Ié], rz;l rp; T
K F & S8 VAL 5 AR B2 L A B 10 A X J 22 1
IR A U A L Y,
Y=[yi y» - ] (6)

Xy Al R HEATRRIZ 5 Z=Y O R 15 2 M) £
BVFFIGE R A SO AT B R A 255 A B Z

B ITTREITH AR .
zj:iair-j j=1,2,-,q (7)
Z 3V E— BT By, TELR A TR

e BB SR PR o3 A vk X ER G AR Z AT
H—feAb B,

si=—t— k=12, (8)

Horpr zf AR o, FELEAVERIEE R P i A 4y
I, P sE A e s i Z2 e F— oy
g, I XECE | BRSO s B AEAY R 4y
[ S E VAU L AT [ oy 7 = s T e BTN
VRS p aE XIS AR AR AL 4y
fit He 1

T — X rho s i e 5, 1 2.3 TR,
fff o X B B BN R AR — bt LR
JIA IRy 5 e, ARG TN E
IE TAE PR X 5 Y 1 vt o 2 7 4598 47
I NI E R ST R S XN, AR
T A DX 38300 R 1 O il S R (A W B
AR ) BT A bR i 5 8 PR
B0 HEAT 3l VA DX oo T a5E 5 4 ) 3 B X o
v EE R B OE T b RO 25 A PE A VA R X T

ul JEATVPAL O e 0 i IX AL oD s L8 TR
LR T AR 5T RHE R 3 X i 75 455 L M A
JR G Iy 0], 784775 1S YN 51 4 0 K Ha I R
KA R XA RPEATE SR A ER TR
Iz I fEL

3 BHISHh

3.1 EOloXiziE

6 3% [ AR &8 5 b X HL B 40 2 R KT (I
sSSP BT N LK (km)), LZ M 4R
i, X a3 X AR AP SR s HEAT B L DA AT B AR H
(i) 3 15 7E ) 5 06 28 245 1) 3T LU AR ] | 45 & 2 B[R] 25
A R (SDH) JCLF 8 15 RGN L PR 240, BUR 3%
EWRAER) ¢, o0 1 ms, M S EERS £, M 0.8 ms,
{7 18 3 ) A% 4 IE I g, o4 0.008 ms/km, TG 35
Tl KB AFIER T, 0 3 ms, B EIRSEZ R
il A0 IR B3 O 3 O o X R R K =3, B
KB L=50 km,

6 i X BRI B 43 R £k

Fig.6 Partial connection diagram of a power network
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Wide-area backup protection partitioning based on graph theory
and fuzzy evaluation
HE Jinghan, WANG Ziqi,ZHANG Dahai
(Power System Protection and Control Research Laboratory,School of Electrical Engineering,
Beijing Jiaotong University, Beijing 100044, China)
Abstract: The partitioning principle of wide-area backup protection is discussed and the requirements of
different indicators are comprehensively considered during the regional partitioning. The adjacency matrix is
established based on the network topology and the shortest path searching is applied to determine the
regional boundaries according to the adjacency matrix. With the boundary substation as the start point,the
next candidate set of central station is searched and determined. Combined with the graph search path
data,a fuzzy comprehensive evaluation method is used to locate the central station,which is repeated until
the regional partitioning is completed. The proposed method may effectively reduce the quantity of
partitioned regions while the fault can be reliably removed. Its effectiveness is demonstrated by a case
study for an actual system.
Key words: wide-area network; partitioning method; relay protection; backup protection; graph theory;
fuzzy comprehensive evaluation method; regional centralized decision
S R G S S S R

(4% 74 T continued from page 74)

Defence model based on multistage dynamic game with consideration of
bounded rationality against power system cascading failure
DING Ming',QIAN Yucheng',ZHANG Jingjing',HE Jian?, YI Jun’
(1. School of Electrical Engineering and Automation,Hefei University of Technology,Hefei 230009, China;
2. China Electric Power Research Institute,Beijing 100192, China)

Abstract: A defence model based on the multistage dynamic game with the consideration of bounded
rationality against the cascading failure is proposed to prevent large-scale blackout of power system. Based
on the consumptions of fault-side bounded rationality and action correlation and with the comprehensive
consideration of the impacts of different factors on the component outage probability,such as component
failure ,external environment,power flow transfer,hidden failure,the component outage probability based on
the real-time operating conditions is adopted to characterize the imperfect selection capability of fault-side
with bounded rationality. The power-flow transfer severity and system load-loss severity are adopted to
characterize the consciousness of fault-side in pursuing its own interest according to the possessed fault
information. The strategy set of fault-side is generated based on the risk analysis. According to risk theory,
the operational risk is taken as the revenue function to quantitatively assess the effectiveness of defence-side
action. As an example,IEEE 39-bus system is taken to verify the rationality of the proposed model.
Key words: cascading failure; bounded rationality; multistage dynamic game; strategy set; revenue

function; electric power systems



