E3B3EFTH
2013 % 7 A

JeFIRIRCTER ) R 58 A AU S PR

BRI RFHR R S L AR
(1. #FxRF BATRFER i M 310027;2. HdXxd LASEELEIEFK b KV 410082,
3. BTl A ANE WA NG B 200011)

% 2 & % iR S

Electric Power Automation Equipment

Vol.33 No.7
Jul. 2013

WE. INI L ZAZAEPREREGBA FEBG IHEPLNEEEIAITER 2H T —HHEGFTLE
RS AR IEAF—— KRR B S5 AR SR R LR AR A e A AR AT T RA, AR
R L ZANFH ARERPNAR ZBAFRTAESLNZAN AR ETRETABLHIRZ LN HAR
16 RRA ARG I REBARI D LA BIFOFERE S BTG K13 & 5 @ | & 5% B Bu b 45 47 2 L

IR ERANL,

L. B A%, AARERE, AR, EHEE, BBE, AW

FESES. TM711 XEEFRISAD . A

0 3ls

UEAFEA 52 7% 2 G BB A S — BB % i 28 O
W, 5 T N AMIF ST B S T A E A b A
BACHRAME M R 2 — 22 KA A 4 8U1R 5 HE SOC
(Self-Organized Criticality)!", XFF—"FE#Lz) J1 &
gy, Mol ad 9L R, A A M 1) B S8R i SR A5 T
b, b S A 1) 2R 583 BUE AT — AN I SR AT
AE 51 98 (9 kA | I LK AR AR 1) FUASE AR I 1)
SURME R Z 1] 52 LR (power-low ) 731 T 4 £ 73
Aii XA I A H LU TR AR R AR I 3R
8RR T AL (4 R AR T 280 AT B i
G A 5 51 A0 1] A9 D A5t R Rl 20 R IE 1 S [ A
e 15 HL ) 2R G A ri LSS A ) 0 T G R
VEUTE AR ) R G A AE H IR Bk . H R
T RS A H B FAE BT £ 2 A B i
17— L) RGN AR {7 E A F 45
HL S A L3 A, i B e IZ B2 OPA AR
TR ) RGEHE B AT W T R 3% B R A
B AR B SR Sy AR s TR TR
AR5 LRI | 22t A L O AT il R LRI ZOIR S T
RGem e s HHABIG TR, H BRI EA R
BRERG HATH s RS R /A TRaRRE A
SCA NGRS 2 Fhoff B R R R G T is AT AR A o
Frp  IFFIRT RGE R B HE AR FURES

SCHR[6-7 48 R G- 3 B8R R RE RS
WAL T AHLUm RSN EEN R, HRGEL KT
Yt A4 T AL R G AT REAL Tl AR S
Wim HEE.2013-04-23; 128 H#.2013-06-13
EE&WA.BE A AMFELTHA A (51137003,50977022,
60804045) ; #iix 4 B KA F R A B A (Y1110229)
Project supported by the National Natural Science Foundation

of China (51137003,50977022,60804045) and Zhejiang Pro-
vincial Natural Science Foundation of China(Y1110229)

DOI: 10.3969/j.issn.1006-6047.2013.07.002

CHR[ 6148 th | R R Ry 0.79 B, REAL T
AR, (A& SCHRk[8 1Mk se 2 B |k [ 4L
HL TR 2005 4F 2 Kis 4707 20T 41 34t 2l R Ak
F 0.278 BFEEHEA TG FURE . S0P 4 R 2
ERZS BN, LB ERIE R R E RS
AU P Y E—F8 AR, SCHR[9-10 143 BT T 2k i i
TP 43 A A X I ) S | 2 B AL 43 A AN
S M A R R G A A I B AS A E
AR SCER[9-10 B B AR bR AT, HOEMFY T4
i ST R <o/ N S 02 R R VP A 7 S W 5 o
TR R Ge i SRR B 22 501 AR DAAE i T o gk
W A T 2 6 6k 22 40 10 2 i A R LA e K 2201 1D
HL ) 2R G0 v 4% A 4 B 1) 55 R DR ]

D A SCHE BE B R BRI, 7600 % 5 T 4k AR
TR AE R A H & 2 R 48 A B (assorta-
tivity ) AR A X £ I s 55 P 0 £ 28 3R A DG I AR B E
FraAb, At 7 4R I [ e 2 8 B ok B o 2k s i O
Gy ARt R N LS BR S AT T 40 A R X
HL ) ZR 50 A AL ZUIG S RS2 FF 25 A 734 fuak R
TR SRR TS AR TR R G A L2 SRS
A 3

1 ZEEGCMHE

SCHR[9-10 48 H A AH S5 A5 | AS 5T L 41 38 1) 4R
J A R AE — R A 45 %€ X R B2 A s 00, OF
AW R AR G s YR LS O, DR AR SR
H FL T AR G A i (R I A A 1 T R O RS
T U A A X 114 Mg 5 M R AT A PR
3 4R I T 55 M A 2 SR T R £ B £ A8 R R oy A R 4
G, fie Je ) T) T 1 MR 20 0 4 S 1) G 5383 P D 7 AR
fi% DT BE AR B2 AT AL



%78

W5, T RO RO H ) 3R 5 AL S ) (7]

1.1 ETFHRERNEREESEEITM.

I W B R 40 3% e i 2 RN 2 AT
DI i KRB R | Y R G — SRl 2 R4 W T
B, 26 B U R AR AR RS | R BB AR B - A T I T RE
Ak A2 i A B T e A Bk D B JS 5 | AR BT — A 0 O
et BWIE UGB, RO L TT WS R Y 4
B A 1 n R DA 2k B 59 M ) — A O A
AR S T 2 6 W U ) 38 X 2 MG 5 T A T AR
1.1.1 #WAEEBES

A, SRS | B TT W RE Ak B IR A K
iR kI 3G K Oy AL A T 1) 3G 0 RN s ) 3
T, YT E R R ETIRE RIS 1 BT W
R % e 13T B4 728 kR AT LA (6 M PR S O T4 A
PRI -0 B30 PR A SO S 8 W A TR0
THA LB W e R 3G B BRI A I ) 1 T
WA IE Ty ) 26 1 R AR RN F, 4% 1T
W it BRIk O 0 AR AR Bl AR

AF;lf:Dk-zFl (1)
Hor D, R S FE T W oA R A PR SO 2 %
LW IR I e i b b0 A8 A i 5 R i L IR A DD
TR E 4 E

2 Dy_,>0 W R EE kB I g 2
% 1 R DR R B K R A R AL R

Ak—l:Dk—lFl (2)

M D, <0 B ORI 1 0 TT B 2 ki
HWNER, M| D, |-F./F>0 I 28 k10 &
AR I B2 | D, | - 2F, /F >0 B 2R kO
RN R AL R,

Av=|D, )| F-2F, (3)

WAL K | W TF W IF A 5 I & 3 O 1) 1
ARSI R A,L=0,

1.1.2  &BMEE LA 34

DA X 28 I g 55 P i 5T, R AN 5 TR 4k %
B BTG 0 R G0 R I 2 T i H B
HIHRPLRE ), Ak B ST oo A e 1R i
B 2% B AN 2t BLAR HAs A7 I B CEE T T
FEA ZR G0 H A 2 B 1 52 e 52 BIAR KPR PR
A SCHRE R 4R G 5 PR A AE 2 A I — R R AR
BHEGE, S R2GEHAMALEY G RN, 2R
gp HoAh 2k 1638 B 17 )5 % 2 52 ) by 59 KN

RSO LR 1A 1 RS S RS AR vV, R
FE SCHAIIRE R .

VB:k:l%:#zAkfl (4)

For M 3R RGER LR IRR, 2 18 55 1k B 400 46
IR JE LR I 0 B R S Ml B R 1 T T R
H O 2 T R 2R e 5 0 ), sy e Ak ik —

BB SRS, P AR L B W T AR A
SRR A R T R B T REAS AN AR R] IR A TR SRR B 1
ISR 1 RRIESS PRI N 587025 B IX M Y 25 5% . Y
W, AR SR 3% AR 0 7 12 % 4 B 06 e 55 PR AT 18
1B, AR AU

= > ViAo (5)
kL

B i v | N TR 22 B kB e K kR
UHIRE TN g I A G 55 P 5 A D o 1 Rl 58 4
AAEE,

LR 1 ES 2 Bl G 55 A B R 0 R LAY R B
TF U XS H: [ B R vk 7 A V. 2R SZ B )
Vel 43 4 S ek LR S ol | 4 R s i
F) 2 A% T A R 8 T O 7 | A ) 30 oo T 7 I R B
Fy B I R 30 o i ) 1k 2 B B A K O
white, N RIGAE AR, AR SCIN N IX 2 Fl el AL EE AR
G, e v, B AR

M

VzF% lzlzl;kAH"'maX(AH) (6)
ZEG M ik 2 FhE S MEFR AR, — 7 I, BARER

1% 1B 14 I W AT R X Ay 22 AR B A B R R
{ARIZ L B B B HEPT op o I RE AR B AR B i
PR 2 VDB B 48 R A 2 B 1 5 e b a2 B —
FE R BRI 5 55— 7 1 AR I T RE K A SR by
RS A S AT N4 AN s [ (= s A BT =P A
AR R BN TR 2 e Bl AN R A I 5 1) 2k
B, B PR AT T — B e 55 1 48 A AT = AN B
2, B ARSCE S ik 2 R IR FRIR T 4K
SIPEZERARER . T I BRAS [R] 48 b A U Y 22 5
X v, vy, #EATIH— AR b B IS4 2 | 55
HLEAFEIR N .
V=V, Vy (7)

25 LRIl AR SCHE W 0 ME 55 1 25 A T8 A i i B
=B RS 3 B L RL R v NN [P =P O B S S8
SR K LR KRGS, A TR G 55 1 4
SO E W A SCIR XS v, AT T I3 — e Ah
1.2 MEERE 4

02 W 2% HA 22 R R PR o | He op 5 g —
SRR, &R S T LK« R B R <
PLER ANURES BRI D 35 5 JiRKF
Frt B AN TR E R,

A2 5% X 246 () TP 8 3R 18 S 4 s TR) R R O M
Do) g% T () 4T s A ) T RN T R BORE I T SR
QI 5T A5 T ARG B 8 SSAH I | = BT
TR BT SOME IS ARz M 2% B R BC

M. E. J. Newman N & B WF5 M 25 19 [6] il 14 | 76
SCHR[ 159 SC T i 2% [R) B Pk il ik BRI T



(8] ® 0 8 & iR B

8335

R e P R B R R BUE UM
SN M“Zl— i+, 2
_ Ml’zu [ 112(11.)}. : )
M-1127<i%+j%)_[M 127(“]1)]

o i) F g, 43 R B 1WA S T LA H I EE R M
FW I ECH  r IR R 5, Hore
[=1,17. 2 r>0 B, R34 25 v f1h) g BE H0T A5
AU ] T B Y AR E 2 r< O B 3R R
A ] T AU T AR E 2 r=0 B RPN
H T R R P E 4
1.3 ZEEE ISR

3 (8) s i W 265 [ i M 28 00 o 1) 2 4 i
WA o 1 B T DR C R T AR S Y H b g X R 1Y
B 48 R RN G 55 1 X 2 B e P B T C R R AT Ak
FUA S B ARG LB R M dE An . AR £
G St 114D R S R R [RD | T % £ 3R S L s P
WEBAERKZES LA T T HA(8)
T B % [A] T P | A o 2 I 2 R I 5 e a0
S AR LIS 2 FhE A R S —
R 2 6 B 38 3 ko i 55 PR R A R T 22 Ak 1 IR
2R FL LR R 4 5 A B RO SR X (] I
ANREAR 4f b s i 2 Ff g AR A py i 2 vk . AL,
A SCIN A 2 86 1) B 28 % o i 55 PR A 4 mT LB 5 A
SR 2 B AT R — SR
1.3.1 ¥R B E I E AR o

28 [ B 28R RN G 55 P AR B /NI XA R GE
AR /N MG TR X 43X 2 FhE MR RS SR, A
A H SR E X AR, I ER IR
gt S bnas AT B3R RN B i 55 MR A £k B OR S
UL PRI AR X 67 380 38 S b A7 3l A HAE T 40 F
1. M2k i RN T — W o B SR
H 1M AECRRFR—E b i HEEER NS5,
[T = v < e - o O T (= el 1 N s P 3712
oA BRI .

1 ()<,u,$a
R‘u[: 1+ bfa (,LLZ—G) Cl<,LL]<b (9)
5 /.L]Bb

Horb wy WEREE | AT R, O HR B Y HE AR

Z: IR AR B 0 BRI A 93 03 J7 1 AR SCHE R e
553 1 AR T ) AR R T LA A A TR
P e, B AE gk 73 30 (10) 315

1 V[<C
14+Yi=c c<V,<d
Ry= . ° (10)
243 (V,=d) d<V,<e
e—d
5 €<V[<1

Horfr Ry, Ry 4 1 I 55 M Xk 1 1) B AR e d e 53
F N FHE AR ik i FHE a~e TTRLBUR
] AL, LA AN ) 2R 4 1) S5 8] 0 T 22
1.3.2 &R B AR

ZH(8) AR SCIZR B R B MR A (12 A)
K (1) FR .,

M4;RWRE—MF§:%%RW+R0}Z

A=
ngéfdﬁﬁRﬁ%{M”;%*UhﬁRuwz

Hrh M ARG T AL Ae[-1,1], HA>0
B, 267 R 40 h 2R i 0 B R R D A B0 i 5 A
FEWL AR ;2 A <O B, 2R 50 H 4R B 1) B 208l sy |
F B 10 e 55 F2 B2 BG4 A =0 B, Ui Bl R G rh 42 %
1) B 8 2% L s 5553 R 8 RE MLV FiE A
1.3.3 R F &3 F Bk 35 4R 69 38 B

ARSI 9 i AR R R C M 8 A X L D R G
A 21200 S R B VE BT 2 01 2 1 4%
TR A 9 23 A B P ) X R g8 A A B
R HEBR W B LLA T M bR 4k 5 F- 24 1 380R
MR RS- R = o i B i =
FOH A N A A () 04 28 6 ) TE P 48 b e, ) 1 1
FRAR TIPS S 2R i T R R e 55 Pk 2 i,
e 2 A T i ] A AR AR R R T TR B 4R A 0 AR
B, WA SCR T R SR S R 0 O vk SR
BN TR AT RN IR 2R e 59 ME TR bRk &
KAHEAR AR SR 8 o R A5 SR 4R ) B O DA
BB Py ke e AR 28 1 11 3808 (5 17 I B S B0
2R % T 2R AR AR — 30 |, I DA R AR A [R] R/
Y4 B R L PR TS A5 o X T 25 2 191 25 1 0% o R
T H AN TE LS R B Fs A AR AP TR AN T

a. B — B M(&B S5 WME R u T
2R o WIES A REALEC B w~N(w, o) o

b. A PR UE BEHLECL B T B EE R e, X A
BB SEA B T R B TEJR B0 ) ) e, 0,

M
pi=prtp=2 /M (12)

c. REHET o B9 /INE BOR R B BE LA 2L, 4
P A I L2 11 0 2 T 4 s S B S
DUBCAL . MG 28 595 0 7 0 25 4 A S R

d. K8 A BRI R G — A B B AL 4
RGP — BB R AR R ) AL
1, DHC R A R B

Fr=|F/u) | (13)

Hoh R R R BRI L T Lk I 1 e 59
e [ 53 I LA 3o 25 B LA rh 4% 70 22 5 4 s 11 0o
o7 3 T LA AR AR ] — 7 2 S 2R RO R R, R [
(1 24 s [ i M 46

(11)



%78

W5, T RO RO H ) 3R 5 AL S ) (9]

it BT RN U A £k B ) A ) LR
ANEIMSL A WREASCHY , BN, 25 H=0 i R4 2R
% 0 B R AR AE A | TR C PR 98 A AN 0] I S8 — A [ 5
(B ELR A0 A 2 1) 67 3R A 4 I (i)
J7, PRI R B TD TR T 08T ) 4 i e R (L Y R
T

2 HESRST

AR SR SCHik (16 82 371 OPA AU e ) 25 5
TR AR Sy 3% B0 s 1) 5 ECASE RN X R T R 0 1) 3
B AT 0 L | BF 5 2 B [ W 14 4 A kT H ) R 0 1
A E EN RN AL

FH SCHR [ 10 ] WF 52 25 B ml | 2 46 0 1) °F- 34 171
RN 0.8 W BV G A 0 (45 452 I 1) 11 3 3%
#M0.8), ARG WEIE T A4LZ00H 5k, B
15T 349 97 380 5 A v W A 0 TG T 15 A AT o 4R
B, AT 35 B 203 10 B B T 4B s R A 414
I P 2 R AR SO 2 B R M 48 BR i B 2
FERARE B 5 808 T 58 R 4 A 21 FRRES IR
ST RL R T BN SCI B S8 e L B S i R AR 2k
% 1 1 R AR AR ] | A 4 T 34 1 3R 53 3R 0.6,
0.7 F1 0.8, FFFEHT e b == 39 5 M R G i#17 10000
URI%E B ) B BRI BE ML B 1 SRR T IR 1
S50 T A A PR B R P(X > x) 78 RO B A b

TH AL
10° ¢
—— u=0.6
e
T
10°
10

10° 10! 10°
BT 2/ %

| TRAFHHBE, THREAREXBERBEESH
Fig.1 Log-log plot of probability vs. load loss
at different u

WE 1 R, CSRGE T REFE 0.7 F1 0.8
R, HC A7 far 45 2K 0 2R B 3R 0 A ith 2 i) R R L Ry
— AR, BRI W R IR R G T
I FARES 024 = 0.6 B, H 67 g7 353 2 A 3 40 A il
A TR R B O REAERRE | RS R HEA A
HAEFARAS S R, A8 SCHE B 58 4 95 [R] E P % B
ZH AU 25 152 R I A A 4 P 24 67 3R AE 0.6
PLUR B O, TRV Ay 36 F £k ¢ ) 1 95 b A A4 5K
P AR SO A AE T A 24 39 15 RS M IEEE 118 17
SR GET N % B ek AR AT O

2.1 HFEBRZIOTRES

FERTHEAS 22 39 T R 9 41 i FHE
BUEW T :4=0.5,6=0.9,c=0.01,d=0.1,e=0.9, N
AIF 9% £ 6 [R) P /NI 4 20 B e g T iz 06 &R
K2 g5 i T E I T 30% u=0.5 WM H=3.3
THOT B FECYE A 7398 -0.4.-0.2.0.0.3 Fll
0.6 B A 17 far 5 2k BARAE A P(X >x) 950 A 26

10°
a —— A=-04
—— A=-0.2
Ol
10 —— A =0
X —=— A=03
S 107 1 —— A=0.6
&
10° |
10* : !
10° 10 10?

Gk /%

B2 HEBZ9TRRL u=0.5./=33 HTELEK
FEMETHHREHRARRUESH

Fig.2 Log-log plot of probability vs. load loss at different

A when u=0.5,H=3.3 for New England 39-bus system

W 2 JToR | Bl A 2 1% R) I 1 48 b 1 AS W 3
FL T 2R 50 1) R A 5% fL 0 B M R AR S T v,
A< 0.3 B A7 A 458 % 2R 40 A il 2 04 T R R B
[l H24 A=0.6 B, /AR iR & 2B TR KAR ML
HEH S maretE R RE A8 R T
i AR, FEfh Bad B b A SCRAR PR R R S
S i e S R NP (E D 7 W 7 B < A
LI e 2B A R B FR AR K ET R G0
TAHHALUGAE X R TS R
WA | AR U R G PR A B BT R R 4R
FIRCPESE DA b 2 bR EZ AN, 455 P ik
RV A | 4R TR) R bR T R SRR S B
MR R AVE T 24 28 0 10 0 3 08 A B, 5 28 I [ T
PEFEARAR /N P EE N BT W] LN RGBT IR L 4
RS 5 1724 [R) Tk 36 b 5 KR 9 B2 B3 17 R BURE S
Jiti | AR AV £ i TR) T, ol 2R 400 0 5 I SRR S

SR S = N R R P =K AT 1
S8 I [R) PC PR 5 A 7 0 0 A /N B B A O R R R
BAE u=0.5 H=23.3 B4 o0 A | B0 3 i 06
2,12, FEAH A 34 61 380R T [a) A T2k i ) i 1 49 531
H -0.4.-0.2.0.0.3 F1 0.6, 3 25 H H A i 2k R
WEZ oA Nl 3 s , 2R 2 S ORIE
[Fi) JC PR 48 b 18 K Bl 4 A 28 3 8% o 0.5 B
T 0 B /AME R 2 Ze A, TG TG BR i M P AT

WE 3 P ARG T B R O AN
VT 348 K, RIS {5 Fl, e B ABE 3R 1) AR f B AR 5 R 2
PR — 20, I H R BEFE R A PE R 0.6 B il 48 8 33
I —4HL, R AASRIEFORE . X £ &



1) ® 0 8 & iR B

8335

—— A=-04
—— A=-0.2

10° 10' 102
AT /%
B3 HEE=39 TEEF u=05.1=2.12 B RE & &
ARETHRETRAERBERSTH

Fig.3 Log-log plot of probability vs. load loss at different A
when u=0.5,H=2.12 for New England 39-bus system

iz QTN = v 0 N [ B e R S G % = el
S AT B BRI RE T, R M AR SCHE R 2 A
&l 3 ABEA b AL TSk 22 RGEME u=0.5.4=0.6
10 7 N 1R R N T 7 B 8 1112 S
JIR PR 24 6 28R RN 2k i TRl e MR 8 AR AN S | R GE
FEAN [] A0 IR0 T 70 £ 450 2 ME 3 40 A1 it 2k 0 22 0K
K, UL, R EC AR R e AS R T A HAT 8

100 -
¢ —o— H=2.12
o — H=33
R
£ 0
A
107
104 1 B 1
10° 10' 102

4K /%

B4 HRE=Z39TRAEF u=0.5.4=0.6 At
TEHMRBETHATREERREES M
Fig.4 Log-log plot of probability vs. load loss at different
H when n=0.5,4=0.6 for New England 39-bus system

Shy U6 28 3 [ T P 6 b T S [R] S 38 B 2R R Y
AR B S XL T 2 R EC SR AR o 0.6, T 1R
AR H R 0.3.0.4 F1 0.5 B Ay G 351 5848 R 0 A
M2k, WK S5 FiR, M A=0060F, RETE 3 FEHH
HOR T ML RAEL h —FEHL  ZRaEHY

100 -
2 —— =03
—— u=04
107 t ®
= —— u=0.5
A o2
= 10
QU
107
104 1 Epedy-
10° 10 10?

TR v/ %
BS5 HFEBEZTEEZA=06HARDFEFHARBEET
HARREAERBESH

Fig.5 Log-log plot of probability vs. load loss at different
m when A =0.6 for New England 39-bus system

WG AR FRAHL S w=0.3 B, R R A/
TS 0 R SR 5 /N R R L RO R B 20 B T
TR, XU, 2K R BC M A 261 38 1 2k R A AR
G O A REAR I M BF IR R 4E 1Y B AL 201G SRS
2.2 IEEE 118 TR &%

TE IEEE 118 17 &S RS , 405 43 19 i1 FHE HL
EUT :a=0.5,6=0.9,c=0.001,d=0.01,e=0.8,

Bl 6 4t T2 P43 u=0.5 Wi H=
2.9, LB RIECYE A 7358 -0.6.-0.3.0.0.3 F1 0.6
AsF ) 170 g 453 2 HE SR A A B 28 0 &l 6 BT | BB 25 2k
i [] TC P 8 B () 185 K| 28 0 104 R RS W5 s 1) ARE R %
Wit e, I B FETE A =0.6 B 2043 il £k i) 2 30 52
PR b AR, R G A A 2B T BUIRAS

10°
—— A=-0.6
[ S —— A=-03
i
10 —— A =0
}\R —e— A=03
><10’“- —— A=0.6
&
10°
104 L > )
10° 10 10*

G P 2% /%

Bl 6 IEEE 118 WA RS u=0.5.H=2.9 Bt 1~ 6] & &
BIEMETHAFRERRMELH
Fig.6 Log-log plot of probability vs. load loss at different
A when u=0.5,H=2.9 for IEEE 118-bus system

B 7 45t T BRI BCMEFE bR 0.6, T3 4R
3R 0.4 .0.5 F10.6 B 7Y G far $53 2K Al 25 43 A il £
WK 7 feos, B SCAE 1 5 B | [8) e Pk 46 R e A
[F) £ 38 T L RE AR 4 M iR &R GE 1 A AL 20 Bk
2 HL SR B A SO H ) £k i IR 1 A A A AT
TP 3 R Y SRR S 1) i B AT LAGE A ) &R
SiHHR A LU TR K

10° ¢

10 £

102 |

P(X>x)

10°

10 ' : ‘
10° 10" 10°
TR 2/ %
B 7 IEEE 118 AR A=0.6 HARFHHHEETH
EEEGESE ST RS K
Fig.7 Log-log plot of probability vs. load loss at different
w when A =0.6 for IEEE 118-bus system

AR U R RIRIIRAR AT T 205 B 5k
%, BAR R GE A AV I TR I ) 26 i () e A i
P B B A IR AS (] L 2k o [m] TC P i iR | R 48



%78

W5, T RO RO H ) 3R 5 AL S ) (11)

(4 ZH S S e i L — B AR AR
G0 Y- 35 B A3 AT [ C AP A8 A ) IR Ak 7 458 8 K P
T8 J3E B3R IR I | 7522 4z AT B9 HE Al L 2O R GE i
T AT FEARL % R O R FE A, o 2R 8 2 5 e SRS |

3 Hit

AR SCR IS 2% AR v ] B O A 2l i e
2R TR LR A | DETIC 1 2 s ) S 80 R A0 Mg 55 1, O
S LR 3 T BBCR R AL S R SR A AL
I FPEREAT TR, D7 ELAE R R W] 2 K [ e PR 46 b
TE 221> # 1 2R G0 B AN [ - 2 0 R R0 i 40 T AT AE
B 4B /8 R SR H A S0 B O HL 2 R I 1R
FEARAE 2R G013 0 R IR AT A 5 1 50 s 5
ARASHIRE ST, LR R HE R 45 b (9 32 12 0 BUA TRy
RAS L 8 B 0 FE 2D FE I HON R R DR 1 22 4
JEHA —E RS L,

SEH .

(1] 55 B REFR . M) W2 B et s ik (7). B A
LB ,2005,25(9) :93-98.

ZHAN Yong,CHENG Haozhong,XIONG Hugang. Review of
cascading failures in electric power network[J]. Electric Power
Automation Equipment,2005,25(9):93-98.

CARRERAS B A,NEWMAN D E,DOBSON I,et al. Evidence

—
[\
—

for self-organized criticality in a time series of electric power
system blackouts[]J]. IEEE Transactions on Circuits and Systems
I-Regular Papers,2004,51(9):1733-1740.
[3] THE, F&0we. s p W g Sl e it 5 2200 SRR AE [T,
J1Z& 488 A 31k ,2006,30(2) : 16-21.
YU Qun,GUO Jianbo. Statistics and self-organized criticality
characters of blackouts in China Electric Power Systems [J].
Automation of Electric Power Systems,2006,30(2):16-21.
DOBSON I,CARRERAS B A,LYNCH V E,et al. An initial

—
~
s

model for complex dynamics in electric power system blackouts
[C]//34th Hawaii International Conference on System Sciences.
Maui , Hawaii, USA : IEEE ;2001 :710-718.

PHADKE A G,THORP J S. Expose hidden failures to prevent

—
W
[}

cascading outages[J ]. IEEE Computer Applications in Power,
1996,9(3):20-23.

[6] CHEN J,THORP J S,DOBSON L Cascading dynamics and mitigation
assessment in power system disturbances via a hidden failure
model [J]. International Journal of Electrical Power & Energy
Systems,2005,27(4) :318-326.

(7] 0% M2 22 B, A T AR I WAL A HL ) R e A0 A T
AU ST [T ). FRIE AR 2006,30(14) :7-12.

HE Fei,MEI Shengwei,XUE Ancheng,et al. Blackouts distribution
and self-organized criticality of power system based on DC
power flow[J]. Power System Technology,2006,30(14):7-12.

(8] Zf&, A5, M 5. ik Bl e 18 R R0 0 R e vy A1 48t
I R [J ], E B LTS ] ,2007,27(25) : 1-5.

YI Jun,ZHOU Xiaoxin,XIAO Yunan. Determining the self-
organized criticality state of power systems by the cascading
failures searching method [J]. Proceedings of the CSEE,2007,
27(25):1-5.

(9] THE, B4k, SF&0 %, T HRXT I RGE A H LU FORE 1Y 52 0
SAHT()]. B RS A K, 2012,36(1) :24-27.
YU Qun,CAO Na,GUO Jianbo. Analysis on influence of load
rate on power system self-organized criticality [J]. Automation
of Electric Power Systems,2012,36(1):24-27.

[10] & — 5, FOuH W mife 45 JE TG i 52 2 19 [ 20 200
FASFIWAI[]]. B RS A 16 ,2011,35(7) : 1-6.
CAO Yijia, WANG Guangzeng,CAO Lihua,et al. An identification
model for self-organized criticality of power grids based on
power flow entropy[J]. Automation of Electric Power Systems,
2011,35(7):1-6.

[LL] T RS XV W — 58 45 JE T et e i A6 50 A0 UG 2 3 1Y

REEAHAN)]. RS A BN ,2007,31(6):1-5.

DING Lijie,LIU Meijun,CAO Yijia,et al. Power system key-

lines identification based on hidden failure model and risk

theory [J]. Automation of Electric Power Systems,2007,31(6):

1-5.

B R T REMR  AE L RGNS TE RS AT S []].

71 H 88 5 ,2009,29(7) : 38-42.

WEI Zhenbo,LIU Junyong,ZHU Guojun,et al. Power system

[12

[}

vulnerability[J ]. Electric Power Automation Equipment, 2009,
29(7):38-42.

[13] 205 ARAESC. ST D3 PR 7 i 30 it 2 3% PRt 4 % (1], e
WA 2012,36(12):176-181.
LI Sha,REN Jianwen. Fast search of power flow transfers
based on active power increase factor[J]. Power System Tech-
nology,2012,36(12) :176-181.

[14] SRAAWT BRI P08 45 0 T 2% 20 M (M), bt 3 R KA R
#,1996.202-205.

[15] NEWMAN M. Assortative mixing in networks[J]. Physical Review
Letters,2002,89(20) :208701.

[16] MEM 7 & SR A5, —Fh eIt OPA A58 5 2 R 45 g XU
WG], W0 R4 A 316 ,2008,32(13) : 1-5.
MEI Shengwei,HE Fei,ZHANG Xuemin,et al. An improved
OPA model and the evaluation of blackout risk[J]. Automation
of Electric Power Systems,2008,32(13):1-5.

EZE® .

—R(1969-), % , #MdmamA, 8l &k, &k L
RAEFIF ERMRFTAA RN FRMAZEATS I8 586K
RE® A %+ 8 5 A (E-mail ; yjcao@hnu.cn ) ;

RFH(1985-), 3 R BIHMA LML TRHTT
WA AR ) R G PEE R e F K B W & A 5 AT (E-mail ;
ydzhang@zju.edu.cn) ;

BB (1974-), & BT R kA SR L EHEF G
Hy B 4 R R L A 2424 (E-mail : zjbao@zju.edu.cn) .

(T#% 18 W continued on page 18)



® & D8 B Wi S

8335

lanced grid voltage conditions[J]. IEEE Trans on Power Elec-
tronics, 2008 ,23(5) :2328-2336.

[15] SANTOS-MARTIN D,RODRIGUEZ-AMENEDO J L,ARNALTES
S. Providing ride-through capability to a doubly fed induction

generator under unbalanced voltage dips[J]. IEEE Trans on

[18] BREKKEN T K A,MOHAN N. Control of a doubly fed induc-
tion wind generator under unbalanced grid voltage conditions
[J]. IEEE Trans on Energy Conversion,2007,22(1):129-135.

EERIIT .

Power Electronics,2009,24(7):1747-1756.

LOPEZ J,GUBIA E,SANCHIS P,et al. Wind turbine based on
doubly fed induction generator under asymmetrical voltage dips
[J]. IEEE Trans on Energy Conversion,2008,23(1):321-329.
FRIGE T BAE e AT S | A R X AR A IR XU KU
HURY B DRI (D], W5 R 48 A 31k, 2008,32(13) :86-91.
GUO Xiaoming,HE Yikang,HE Benteng,et al. Direct power

LR (1982-), 8 2R EFA HEHRT A £ BN
T b F 5 AR A L AR 49 A Z (E-mail . mhw08@mails.
tsinghua.edu.cn) ;

FARAFA(1962-), 5, MFMA #H¥x HEIHLAEF
P ERAFREST R A BT LB AR AL
AR89 B 50 (E-mail ; liyd@mail tsinghua.edu.cn ) ;

# o A(1981-), 8 FA AR WML T ENFES
tage conditions[J]. Automation of Electric Power Systems,2008 32 T B %5 Ao # AL R B A 89 FF 5T (E-mail ; xulie@mail.tsinghua.edu.
(13):86-91. cn),

[16

[}

[17

[

control on the DFIG wind turbine under unbalanced grid vol-

Control strategy of DFIG under unbalanced grid voltage condition
MA Hongwei, LI Yongdong,XU Lie
(School of Electrical Engineering, Tsinghua University, Beijing 100084, China)
Abstract: The behavior of DFIG ( Doubly-Fed Induction wind Generator) under unbalanced grid voltage
condition is analyzed and a vector control method based on multi-frequency proportional integral resonant
controller is proposed,which applies the single close-loop structure of stator-side power to realize the control
of DFIG. Compared with the traditional dual dg-domain control,its control structure is simple,without the PI
controller in negative dgq domain and the inner loop of rotor current. The multiple control objectives are
achieved by conveniently adjusting the only parameter(Ae[0,2]). A 1.5 MW DFIG-based wind power system
is built with  MATLAB/Simulink and the simulative results validate the effectiveness of the proposed
method.
Key words: wind power; unbalanced grid voltage; doubly-fed induction generator; proportional integral
resonant controller; control
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Power system self-organized criticality recognition based on assortativity
CAO Yijia'?,ZHANG Yudong',LIN Hui’,HAN Haojiang’,BAO Zhejing'
(1. College of Electrical Engineering,Zhejiang University , Hangzhou 310027, China;
2. College of Electrical and Information Engineering, Hunan University, Changsha 410082, China;
3. Shanghai Electric Power Company,Shanghai 200011, China)
Abstract: The concept of assortativity in complex system theory is introduced to match the line load rate
with the line vulnerability and an index named line assortativity is proposed to quantify the distribution
characteristic of line power flow,which is then used to identify the self-organized ecriticality of power system.
Simulative results indicate that,combined with the average load rate and the power flow entropy,it identifies
the self-organized criticality of power system effectively when multiple systems operate in different
conditions,,even when the mean system load rate is lower,which is an important complement to the existing
indices for mitigating the large blackouts.
Key words: electric power systems; self-organized criticality; assortativity; cascading failures; vulnerability;

power flow entropy
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