EITEELH
2017 % 4 R

He T8 sy Sk A i A el 55 Tk

Er@m AL m AR K2 FRdhan 2
(1. v hRF ©A 58T TREER LT 102206;
2. BRHH AR AN b AHFFFLE HA ZMH 730050)

% 0 6 # & B

Electric Power Automation Equipment

Vol.37 No.4
Apr. 2017

WE, HA0HAR AN EEA TR b o TAKFERIT 5 KM% M din it 3 8 A0t i u
I I b, I HL AR 40 K o B 5 e AR AR AR A T A T T A A TP R AL LA R ST E R 4R —
R TR %k BB ARGk K MRS hE AN T M M %45 3 B
RAEBHAE ST NS ARG R R T A% A5 b B9 80 4 538 i A T2 50k 00 55
B B BE | OK S A A AR AR AR 0 SR R A K RO e e B B LA AT IR I PR S AR D

KF| ARFFITIE ik A RAFERSME
EEW,. M ykfk, WAL S, KEHNA,
FESES, TM 73 XERARIRED . A

0 3ls

1% 58 1 1 25 2 42 0 W O 1 IR I UAE ol 4
B IR G B0 o SR AT 0 2 A R T
Ao M BRI EL TR 2%z AT R DT A T R TR )
SR, Bt E R R S REh
MhSZ Y BCR VIR G 78 R A -5 R R
FUAE AT H R R B 2N -2, fE R ARG AR A T B
L 1) LB AN W A A= 728 A ) b T R R Fi ) 2R 4 T
5, HH R gy PE R R A e SO R R Y
PQ 755 | 22 W v TR M (R LA B Fi e R AL 1) 52 0 O
H A HE AT L AR B R A A SRR R AR AT
FEE AT L RIS AT RS A A

BEXF AR IR [ PN Sh o T ORI LA
FEEBAR AR N- 1 JTF W IT e D A P23 BE R IR
PR b BN AE TR T WIS S R C Y B
FEIA) R b SCHR [2 176 % MTE 5 RO iy kb B3t
SRS W OIRAS T M8 25 M R AL &1 R TE AT
XF S AT DR A SRR DT T 53 2 A A T T 00
TE 5 SRR [ 3-4 4 R T A2 1 A7 0 25 22 AT
Ji s 07 W WSS RN W S B Y B R T 2
W T PV WA R R G, AR PR Rk Y
WESE T, SCHR[S T4 T #8522 AT 5 i A G A 1
JEr DU R 5 PR TSR R A A i A 22 A i At PR
TR ZEE T LA SCHR [ 6 1) F i i 2% B B R g ke 17
Wim B HA.2016-08-12; 18 @ HH1.2017-02-22
ESWHE . B XA L4747 % (2015BAA0IBO4) ; B R & M 2
3] FHHOR B (52272214002C)
Project supported by the National Key Technology Research
and Development Program of the Ministry of Science and Tech-
nology of China(2015BAA01B04) and Science and Technology
Project of State Grid Corporation of China(52272214002C)

RATF], — AR T M %0 P HUE 0 KALABE L M # & 2 4 b
# H % (2016102104254)

5 Qi A

B AM, BALA
DOI: 10.16081/j.issn.1006-6047.2017.04.031

B A G AW T B NAE R I n) f8E SCRik [ 7-9 ]
) AR 23R 3 378 A I S 9 B 0 1 ) B A T R S R 4
T, BORE BE R (R O B A SCHR[10-12 ] M0
FEAT B AR R T B ATl TR 2
L 4 AH T 0 75 3k T AL Ge A= i S 2 R | ik
SR 2, XA S L TR R R T
ERMVER  BARSR A 1E B 38 TR /N vk A
TR 1o DA B SO BA v 2 A5 )

FEF U AR SCHE T —Fh 3 F 4 BBk
FRAS L Aoy T ik 5 A G BRI 43 B R 3 51 ) F
W 2 | REATG T IO 44 i o4 1) 4 8 3 3 o AL I A R
R FWG ARdtm TR, JFHASCIRE T
16 IR S5 CSIA  ISER R R T
S N-1 B0 R Az m ik BE R
WS

1 Bt Mg S REEE IR

PAR L FT I8 4 e R H 23 B A R G A R B
“COr XA IR A AR S K oA I 4% 43 B B vk ]
T ARG A A 2 DX R ] ) 1 B0k A B —
(1) 32 % D) 1 kT S B L AR IR A o R AR S
D o (T el - 070 o = R R BT s [
I E SRR B RRIR G I
1.1 SG—WEDRE XS

XoF 465 5 T R T I 4% | S 90 R i s 11 ) 8%
TR

YU=1I (1)

Hp Yy i Nx N7 S SO, U A N 457 Sl
JEB A T R N AET7 s A A i S PRI 25 1)
T30 A R A SRR AE S D) E S
WYKo R K AT 4 R 630 B i K S fEHETE



D & H B %o E H 1375
T8 — T 2 B e B I Jo AU [AS, .
IR Th Jn AU T LAS, (®)

Y Y., M, U, 1,
Yy Yo M, U, | |LL

: : Pl 2)
Yio Yoo My |\Ug | |Ix
Yi Y3 - Yi Y, U, 1,
Mi M; - Mg -yi' || 0

Horh )y, WER i AT B SRR M T 5
NSRRI RIBRR B Y, WA AT R S R
A B HL AR sy, D DR % N 50, DD
2R L RS ARG

He 3 (2) T AN B R R 5015

YH YH‘ U] I I
= 3
{ YT] Y'|*|‘ UT IT ( )
AR
UT— iL ) I T— O }
Hot Uy gy WA R 4,
K
Yir=Yn—-Y Yy Yy= Y'rl‘__z Yi'TrYfi ! Y,

N (4)

K
Li=I,- Y?TYﬁIII:IT__; YAYi'I

TR ()& 4 BT R AR 4, AR R i
FA 15,
Y U=I; (5)
i 5K (5) 15 i AU o AR B S AR AT R T 20K A
T 45 1 R ] i
Y, U=I'-Y,U, i=1,2,---.K (6)
H T 45 T 45 (R bR AR AN BORA T Yy, &
PO AR B SnT DA R G T A ST R AR BRI T
TIRAE MR B TR B X TR A i
AT YN R A SRR S T SR SCHk [ 3 ] B
PIMLLE D | AN PR AT
1.2 MESRAEX G A
TEVEAT S PR L 0 3 T B R
SR TR LU AN TR A PR
Ot PRI b AR X 26 A B GRE A ) R e A AR R B ANURE
UCHEA R IZ F BRI 2 . AR G ARk
WAEIE TR R R 48 oy BURE SR TG A
BTG IE AR R .
_{H N HAoHAP
M L

AU |™|AQ 7)

FHAE AT R 2 %) 5 ] 2R R T B R X B X A
TR WA R AER TR A Y V=0 B,
Ji=0, PRt HE RT L B 55 s S 0 B 5 AT A [ 7Y
i g A 2, e AT DL+ I HES 31 5 s an =X (3) iR
ENEUR S| W

Jllzdiag(Jll,Jzz,"‘ 9JKK)
AU,= (AU, ,AU,,--- ,AUy)"
AS;=(AS,,AS,, - ,ASg)"

AU= (A6,;,,AU, A0y, AUy, -+ ,AB,,,AU, )"
ASiZ (APli,AQli,AP2i9AQZi, ,Apn,i, AQn,i)T
Horpr g 7™ B FERT BRI K O R G T 2%
R Sy A C G ER L VAR SN (UK S SR S R A
AR5 p O PV T % S B AN DL A,

AP, U5 (A,,AU,) (AP, AQ,) o
T 5(8), 1 IR 0 2% 73 BB 1 0 20 Bl X
(H—(6) G N,

K
Jio=Jn-J 1'1.] 1_1] Ju=Jun— ; JlllJ ii J iT

« 9
ASi=AS - JirJil AS1=AS:- 2. JhJi'AS;
i 5 U A A
Jir AU =AS; (10)
P IR R 2 S S A Y R % P L T 1) A
JiAU=AS!-J:AU; i=1,2,--- K (11)

R s T S B O b g e B RN O | 2
PO RE, L (HFY) R (8% T M) G2 )75 220 S i
R JEL BRIy B AT LR T 9 28 73 B B3 | Rl A &%
P TR R T T 4 G A —
UAE AT A 2 MR, A SR (99— &
F AR LA (I T T R AL A TR A

2 EBSREMESHRITERSHES R

TE AT A5 22 A S W IO | 1 0 T IR AR o k4 |
BRI AT 2 A 2 TR 50, — ol A8 I 2 K AL i
R AT 5l H 7 G (28 R 82 ) DR iy
BT, BIE AT A S A T B b
RS, R T 7 AGR | 4 45 5 4 BOR A5 AR I T 2
B
2.1 MEHEESENWEFTESH
SR & K A TR % b R % ki
e g 2 DGR G AT R R 0 9 45 7
%5'5[14-1&?‘:’:
Y.U.-=I, (12)
Forh | R AR a AR MO bR Y, MR I 1
DUREFE, L) RGeS AT R X
HEM RN,
E.I=S, (13)
o S, N S, ML EE S, B A E R E, =
diag(U) .
gE A (12) 5,



%44 EITHT A T I G 43 e 0 1 2 A D 8% D)5)
S.=E.Y,U, (14) 3 BEARESTRERBS T
VT bR s NIRRT M 4R hR &R WA A5 (9)—(11)  (17) PTG 4= R B I B L
S,= (E+AE)(Y.+AY)(U.+AU) (15) Wi, BB T,

I3 (15) FABCISE 0 285 S B 1 I 18 A T2 2%
Rs 14
Fux) (AU, AY)=
H(AU,AY)U.+ [E.Y.+ H(AU,AY)JAU=0(16)
H(AU,AY)=E.AY+AEY +AEAY
E.=diag(U.), AE=diag(AD)
H 20 (16) T 0, XF F W 26 1Y A3 Fh i e AY, I 2%
T AL ) A 6 SR T R 3 b RISk D ) 4% 25 S T
(AU, AY) TR SE S Z . ELXE 5 Fh BB J5 9 2 3 3
T A UL SO T 2 R TR E G AR i 0 i
PLERY, PIAE BRI A ] X% A T
FNWT iz 2 PR, W12 T A 12 285 R T PR I
22 BWHEEST
g b 2 AY CHIE TR (16) iR i AU,
R X AR5 S B AR MESEST 4 HE (AU, AY) BIAE
BF H ] LUAR O (8 H 335 1 £y (AU, AY ) A
T DIOKE 2 W e 5 2 0 R i i SR I S i ) s | D
T AT S O A
Fun, (AU, AY)<g (17)
H e MUKEEE ¢ MRLAYEN M &, 24 AU 2R
AR KES AU T EAICE BEHZ /N T 1, 0 Z8 AU
(=R B Z W AR (Y.+AY)AU 5, it 2 (17)
e VSR
Fu,(AU,AY)~H(AU,AY)U.+
E.(Y.+AY)AU<e (18)
HE L AT A0,
Srwvy) (AU, AY )=, AU, + 0, AU, + -+ + ayAUy
Horp N R AR
X b A R AR A B R BRI T HE T i H
KAEA o, F T WL A 350 2 46 £, (B0 =2 000 % 3
SR AR RO E R £ E AT ESAE
JEARAR ) Y f, AOMES BI0RS B 2R BT W LU i A T
F T AR bk ) A B R R e R (18) BT s
B IAC S8 25 A T A T Ak B S e ek 2 XES £ AT
Pt 3K NG BE 2RI BD £, 0y (AU, AY) <eg; B %47
B 3 T i R A S 5 EE B SRR
B AU o ey IR AE AT FE PR FEA AR
A SOR 28 a3 A B 5K (18) R Sk 55 IR B A A M
Lo AL 295 A i — 7 < 18 Bk 12 A B P e H R B
B | e ||<e S KHEB IE & [max(e,(i)) | <e
B s ST & B SR 2 S iR 3 i HL ik
A E s 20 Dk b |

a. JE IR IA L T 5 S AR s A R
AR P A5 R R U, IR AR A,
ARG <73 X3 J2 " W R TE 1 3 B (AR SN 1
WE 353 ) B A 1 M R 1 B U,

b. B E R B WO AR AV I R R A
19 7 19 S R LR AN X T R AR R A R T
RIS AT N S R HOR s AT A A B
IS L 3% 0

c. THER AT e R] HURELRA: 7, A R fL
A% EAME AU, TR % T MR A AS(©,
7 W HL s S )R A A A0 0, 41 WL AR AR I 2%
e AT L T TR Sl R A AR R R

d. PPV GAR G X (9) 53 0 FAE W] LR I LA R
R TR R IR (10) 75 2 A i 7% i
AU BT AT B 5030 R TR B B T AL 325 119

e. % T RAR I T &SR A5 B K0 (1) it
SRS I 246 5 1 FL T A A% B AU, IR 3 (18) 0 I
D B B 2 T AR B R A R ISR AR
0 VUPRE BT 45 21 00 Fi s O A% B A D WD (EL S A0 0K ¢ A2
AR IEACHR S 1, X T B 2R RS RE B9 R AR
EAEFEEAEY,

£, AR 3R e e R RO SR B U, R R A R
Fefi ¥t AU T W 28 Rt I A H TR AR

BN 3R B 32 AR DL R Wi SSAS A Ak B e A b T
L M E 5 AR B — 17 B R B BRI AT
SRR ENNS SRR S 5B U0 W
A8 H ALY 5 SR A a A AR AT RE 2 AR L AR XYY
MY RLRAE 5 — 7T LA S AU A B R
B, PRI (17) 4 a4 55 AL B3 2% 1R S B B 1 i
SR AR A R R R &l HOE
W] 1R 2 7 TR B2 B P (ELRH I A Wi S5k RE A AR
RAews, I HAE 1 Bl ik BOR E 2ktaf —
A Y R AE AR A AU AR P R A kAR
(1 5 2 i 22 A R g 8 o i R i R
)L 2l D AR 2 IR T O s R Y TR
DA, TS P Ak BN A Dy (9 265 254 7
L5 W AR AL A SRR i R AN 3 T 2
P 24 116 Fy g B S A

4 {FEWIE

41 MXRFERITEREFN
FIH MATLAB 2 7 X A SCRL AT g 2, X 58
1 R RGE 05 HOH 8 it e RSB T A%



D)) ® 0 8 & iR B

¥£37%

L5 G R P (PSASP) M55 45 R 2E 47 70 LB PSASP
SRR FH e B0 v R A i 43 S A T A A B SR A
JF RN . Pentium (R)Dual-Core CPU 2.80 GHz,
2.00 GB RAM,Windows 7 32 Bytes operating system,
MAE B NER 1R,
F 1 MK REH R R
Table 1 Profile of test systems

REHWK Y ERAL
IEEE 30 WA R4 30
IEEE 300 17 8 R4t 300 409
1E7R 3647 TR %% 3647 4239
R 5473 T HE ARG 5473 6393
[E M 21479 75 R 5 21479 26736

H T BUEAR SO R A FEE K R RS 2
ANEBIVEAT TR BH 1 SRR SCE RN IEEE
30 W R G LATH AL AW RO D7 EKIE T S
TR 114 TE A A L R 36 E AN [] i o 7 o 8 o 360 97 4%
RARZm B 2 2 IR vk ARk AR SO
2XF IEEE 300 1 RGP 3647 ARG ER
5473 W ARGV EW 21479 15 R G AT RS
AT 5 0 UEAR ST TR %) PR o
iff 1 LA R R B 0 R R e o P ) 3 A
42 &1

AN TR] e i 4y 7 R AR R 4 0o S MRS A 1 ik XY
R M0 AR R 7™ A S ) R ™ D) 4 445 A AR Ak
TR, X 3B S A A A R R R | 2 % F R AR A
A R IR 2E S AT TR N (HR 22 SRV
W, LLIEEE 30 77 55 R GU 8 A [R] s A2 B %o HL
B AW AE R TEEE 30 7 40058 £ g0
B 1 iR B 2 oy 22 7 R 4 A e,

B 1 IEEE 30 TR RSGELE
Fig.1 Wiring diagram of IEEE 30-bus system

7 LR R 28 3 53 S 2 AT 4823 5o S =
11,2,3,4,12,13,14,15,16,17,18,19,20,23} .S,= {5,
6,7,8,9,10,11,21,22,24,25,26,27,28,29,30 |; i1
F 8 E=1{(LN2-5),(LN2-6), (LN4-6), (LN10-
17),(LN10-20),(LN23-24) |,

ARG BT ER S A iR & L IEER
30 PR ARG A ML TS LS A R H

L A2 A L FR SCHR[O T T X R GE i A
LA R PR NS 2 BRI R
b £ A

%2 IEEE30 TARGHSRETEMMA TR

Table 2 Serious static security fault set of

IEEE 30-bus system

HORE T MRBRAL R SCERBR A /9 RARHE
Gen2 1 108.3 —
Gen8 1 119.3 —

LN1-2 2 113.1 —
LNI1-3 1 109.4 —
LN2-5 2 110.3 —

LN27-29 1 — 0.964
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TR27-28 7 131.0 0.869
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Table 3 Variation of convergence criterion f
vs. iteration turns for different faults
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LA TR27-28  LNI-2 LN2-5 LN1-3
1 14x10*  1.Ix10*  92x10° 63x10°
2 69%x10°  63x10°  5.1x10°  3.8x10°
3 37x10°  26x10°  LIx105  2.1x10°
4 9.6x10°  9.8x10° 64x10° 1.0x107°
5 73x10°  42x10°  32x10°  9.5x107
6 54%10°  24x10°  2.0x10° —
7 22x10°  1Ix10°  9.7x107 —
8 1.3x10°  9.9x107 — —
9 9.7x107 — — —
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Table 4 Calculation time for different faults
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Table 5 Comparison of calculation errors between
different algorithms for serious faults
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B2 ik R/ %

2 1.0450 1.0450 0 1.0450 1.0450 0
4 0.9990 1.0002 0.12 1.0144 1.0232 0.09
5 1.0100 1.0100 0 1.0100 1.0100 0
6 1.0059 1.0087 0.28 1.0114 1.0125 0.11
8 1.0100 1.0100 0 1.0100 1.0100 0
10 1.0288 1.0296 0.29 1.0320 1.0198 -0.36
11 1.0500 1.0500 0 1.0500 1.0500 0
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Table 6 Error indexes for serious fault
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Fast static security calculation based on network partition algorithm
WANG Fangyu',LIU Wenying', TIAN Hao',LIANG Chen*,ZHENG Jingjing’
(1. School of Electrical & Electronic Engineering, North China Electrical Power University,Beijing 102206, China;
2. State Grid Gansu Electric Power Company Electric Power Research Institute, Lanzhou 730050, China)

Abstract: Since multiple network reconfiguration and power-flow calculation should be carried out for each
fault in the anticipated fault set during traditional static security analysis,the calculation amount and
calculation time increase rapidly along with the expansion of power grid,which makes it impossible to satisfy
the demand of grid-wide real-time analysis and warning. An iterative method based on network partitioning
algorithm is proposed,which reasonably and quite evenly divides the whole grid into sub-networks to reduce
the dimension of network matrix and coordinates the sub-networks via boundary variables to effectively
enhance the calculation speed. A weak convergence condition is proposed according to the characteristics of
the fault power-flow of static security analysis,which makes the calculation amount decrease rapidly along
with the increase of iteration turns. Simulation verifies that,since the proposed convergence condition is easy
to satisfy,the proposed method has better convergence.

Key words: network partition algorithm; coordination variable; fault power-flow; modified Newton-Raphson

method; weak convergence condition; static security



