EISBEE2LH
2015 % 2 A

LRGN oS IR R Sy VR el | Sl DS B NS

PHER R 24 482
(1. @ EEHAEFRE BALEIREFR Wil EHE 617000,
2. FRKRF MBRELRERARZAARALSHHRKBARELEZRZE TR 400044)

% ) 8 % ¢ & &

Electric Power Automation Equipment

Vol.35 No.2
Feb. 2015

WE., RETATRXREMEAB GG EYRGEZRENHECERT AL 2 F R R L F ik %6 4%
AAEFRMRAA BT HREFHELST EFEFRETHTIARYGR ABKERETHHELERT
LR AR A EAT RS T X808 W 8] A% 4y B @ 09 20 29 R AR RAZ T AR GE B B W &R i AT
RETHHSLERTWM BRBLRBMOIRG R HHFHR, 4AHEZROA Y Ey R EEGHF 5
— A ZT AR NG S EEE A 26 6 5 AR AR SR A S BIAR SRR, BASRE

T TR A B A R AR T TR By 45 ) A R Sk 0 B A R A

KW, WAR%, BIEREH,
M Bk, AR A
hESES, TM 732 XERFRIDAG . A

0 35l

Wt 5 3 ] P U R T | 7N R 4 L IR ) S
EFE R N REC AN TR E R, HHK
P, 0 7 R B R 22 55 A8 14 () I) t fe A H 0 19 =1
LA W IB TR E MR S 77 R T — 23 0 5 |
AL P G A 2 AR A 16 45 R AL LR 3R 3 T LIk
FRL 9 A A P T R AR B T BB -2 R R A
P01/ B8 R B A 8O0 A T R A0 33 S B T A 114
IR Ty i AL AE ) A IR R IR 2 25 90 0 T
A it w0 - R, SRR S R R AR L R AT
B A B B 2 AR GETUAR S IR SR I 38 Y
T 4 o) 5 i o A 2 LI PR T B B A TOIR S AR
UEHAE IEH s AR TIURE S e R o 60 A 195 0 T 19
S L A P LA T R S P B 3L

IRAT B X 1 2 R AR TR A T 42 | 2 22 B
1T B BT R 100 (BB X I R, 19 e 2 v T
TS [ RE A PR P 0D R ST, SCHR[ 11 )42 TR
TR B P ) ) 2 L T A ) oL P A R RS %
SR AT X A T A A L TS AR A R ORI S B B
ESL T U AL R P O AR | 2 RS AT O B )
B g L 1) 22 G R A A5 A A R A L TR A E A
BEL R LA S R G545 il )B4 7 25 IR 4R v X
DAL A% . SCHRT 11 ] T4 A s 4 o ) R AR
55 r RS T ] ) SE AR AL (EL LR X ) S L
A A A L TSR A R SR A N b B T I 4
) DO A Ao 5 A i R A L T A A R R A

il

Wi B .2013-12-27; 1B HH#.2014-12-15
ELWB.BRX 8 KXAAFAL TR A (51177178)
Project supported by the National Natural Science Foundation

of China(51177178)

Bk, BALERE, MBEHN, ZRLM, HOHELR, 5 RHA

DOI: 10.16081/j.issn.1006-6047.2015.02.011

AR

SR FEHL T R8T ELIBCH ) D 1 52 B B
R B B IR A 5 [ I 7 S R B T 3 N A 7 5
e ORUE L S R AR P A [ ) 45 X dsl 8] % g
T T 2500 e 20T B 2 4 o L LA I 2 58 5 T AR YR
ESCHR] 11 208 % S8 A Rl

T30 AR BRI  SCER [ 11 1R R TR S X
SV A AR B0 S I WS DRI X Kt o U5 S A ol T
Rt B A fif i AT st A 00335 T B A AR B
2 I AR 14 Ry R A B AR ST AT IR Kl
{5 1 STt /0N | A 3l B PN 0 R R0 A ) ]
SCREPRUE A Ry 5 FL AT (ARG B2 A FE R e, 73
A R B 22 J8Oh ik e 22 DX Il B 06 e, T — AR A L
RN EETAMPE,

e H BT A A oA sk R i ) A PP
(Auxiliary Problem Principle)33-12: B JH g Ry )iz 1214
BT ST 2430 A LR 76 S ™ bR PSR ) |
$ v SR W SOPE RE ARG 1R D7 T I 75 B A — AP IR
ABRTE . SCHR[ 15 145 73 Ak DR 9 ik 15 APP 3k it
77 L8, R B3 At 0 P9 0 A T B3 8] | s R
B e AT I APP A BATEH,

SE T AR SCHR MY 2 DB T ) 23R 24 TR ELR P R
A R S AR L 42 o O PR Y e LBk | i B
PR LA A e/ AR R R R AR AL 5 IE
B A TR DA A TIUAR R AT DX s e 9 1] £ iy
W T F) Zh AR 20 B BRI 03 2 S DA FRA R
A AR P B A AR A e — 20 At 7 K R O A L T
T s T A ) 4 20 ik W I DG AR ASE TR 5 5% P 0t 3 3
DAL SRR, LA I e AR A AR 1 SR A X 8 | 2 i LR fi



F 28

P T, 4 TG L o IR U A BB 3 (69)

| EEEMESEEREREHREE

X T IR P oA £ 2 L P AR T R T AN
B2 AR W s AT RS T W ia 17 29 LA K T AR
RET SR IRRER AR L N% 5 841817
ARAST DX AL o4 [ £ i DBl 1T 1 D R 2, A 4%
i Th A B BE TR IE W B AR T LK AR etk
AN ARES Iy RGERIRE S AR AE At
S ST 0 LB H OO 2 R TR AR S B o
BB BTk
1.1 BiRE#

T A P R T 4% o B F R AR A 2 URU AT g
ANE T A A PRAIE 2R S8 A 1E s A7 AR A K TUAR i
RE T EA RBRE SRR EME, AR
it 45 V81 LHLA S AITE D g U0 ] i L A A
FIELPTAT 8147 B0 AL e af 423k DL g 7
DRI it A S i 191 75 42 i I AR B Py [ s e S

Ne N
min 21: (P(();,:—Pczo)zwpr"zl: (Q%z‘Qr)io)qu;,*‘
= =

Ne

Tpgs

Ny
(Q%=Qco)’w.; +; (QRi—OQrio)*w,i +

<

Ny

Ny
(kP =kw)*wi+ ; Ciwy (1)

Hp Py Q6 Qi O e, 3508 B HLE Y S ToTh
O RTE SR A TC T T E B AT ) A
BRI AR R AR AE b M AT IE TR AT (TR 4R i 22 A
W IEH ISR s 1728 5 L N AR <07 R | T 4%
il IEH B PR M8 18 DA EAR“0" R ;¢ A
T 95 STV DS i N Ny Ne Ny Ny 53500 % L
MUY s B0 R G071 A8 Pl R i 2 g 4 T A LB A
LE A B TEAE TR RS 3 8w, 00,10, 10, 10y w0y, 5311
R AR ZESE PR TR, — B 5, &
FLAIL 1 A3 T R JE T 8 49 AR A G AR PR L A
A 0.1, T RTR F 28 2% AT R TR A O AR
A5 B VR AR AR 48 v, HLACE rTIRCR 1, ) 7 far 1)
TR AR L b A S 1 T AR R R — 2| A
FHATHCH 107,
12 EESTRETHAMTELR

7 s o U 0 I R O R B AL O R IS A TR
AT AT 2 R L R DX R R4 [ A2 i U T ) 1) R
H, = (2)—(13) iR,

P(Q,i— (PDiO_Ci)_ Z PE@,'— Z P%i,:o i=1,2,-,Ng (2)
ijeSy; ij€Sn

00+ QL=0h— | Q=P | -

ZQEJ‘,ZS, Q%=0 i=1,2,--- N, (3)
€Sy

ijeS,

ftel f1=0
i:1,2,"',Nn;m:NB+1,NB+2,"',NB+NT (4)
ed—edk?=0

t=1,2,"',NT;m=NB+1,NB+2,"',NB+NT (5)

Ebz PS},”—PSM:O n=1,2, Ny (6)
€Sk

(Uni)’<s (€D)’+ (1)’ < (Uno)? 1=1,2,++ Ny (7)
Plin< PLsSPl 1=1,2,- N (8)
8imins0%£$08mm i=1,2,-,Ng (9)
ko< k{<k), t=1,2,--- Ny (10)
((Z)iminsQ(()lis (éimax i=1,2,-+,Ne (11)
QRin< Q%< Qi 1=1,2,+ Ny (12)
0=sC =Py i=1,2,---,Ny (13)

Horb Py Qo 73 3R R G848 1 A S RS U,
e i 3 BN FR LT A H R R S S S R e,
S 53N R A R AR R A S B LR R ALY R
A B ST R RE 11005 N, A FL I R IR 2R 5 S T 1 D
T8 5 Sy 2 DB REL DO R 255 A 8 1T 0 5 1) 16K
AR S, NS R LS LIRS Sy,
R 5T R A AR B R A SRS P, N
DX 35l R, 99 (8] 565 A BT TED A9 A D D) R BOE A Py, X
S RO TR) 55 n A W7 T TP B R LG T AR 0 A T D)
3Py Quy PO 5 T 0 2 6 S B 1 047 T 3 1
KT Ty 5 A AR H 245 3 T A D) DR D
KT Py el

X (2) 5 @) R WP HG E R BT IRET
M FR e 7 e 2 (4) 53 (5) FRTEA BR AL
i LB G AR S 25 R R Ry #R e, 5K
(6) =7 W ¥ il J 1E 8 18 7 RS DX L o) A% i Dy
TH] ) I R 2 3, 5 (7)— (13) 327 il By 42 1l v 4% A4 45
il A i SRS AR ) TRy
1.3 WMESERESTHRSEEREREAR

R 5 T | LAk R A TS L P AR e B R
T B AT RIS AR R PR IR 28 0 — A Re o], FoiAR
WG T 1 A PR R M 2 o D R DX Bl ) ] %
FWr I DR 2 =X (14)— 21 Fis

Pei—= (1+A°) (Pro—C;) —i%: Pﬂy—_z Pi;=0

ij€Sr
L.=1929“'5NB (14)
Qe+ Q&= QRi— (1+A°) (Qmo—LpDiO C)-
Di0
2 0= 2 Q=0 i=1,2,--,Ny (15)
Yesu €Sy
eifu—enfi=0
i:1,2,"',NB;m:NB+1,NB+2,"‘,NB+NT (16)

ei—en k=0

t=1,2,"',NT;H’L:NB+1,NB+2,"',NB+NT (17)



(70) ® 4 & & it &

8355

; P;,—Pi,=0 n=1,2,-+- Ny (18)
€S

(Ui’ (e’ +(f1)° < (Ui)®  i=1,2,-+- Ny (19)
PlininS PG < Pl 1=1,2,-- ,Ng, (20)
Qnin< Q6 S QG 1=1,2,-+,Ng (21)
Horp AR EAR <o FRon iz L B T W £
ZJE BB ROR S T AR B A 9 RGEEE B R

ar B A E 1 S 50 30 R R 17 Ao 4 3 RS
FEREM FE S N N RGAES ¢ A TAB RS T 75 2
T JEL 1R S P R R A R S mT ARl S PR TR
FRWE

XoF A HL R R T B 42 ol [ | 82 SR 1 o 4% il
Jo  AEIE# B AR AS A LRl b & A U SRR | 78 A it
TIHR B4 RS R AT T REAIR A B FE A
HRRRUE MR T, BIVELR AT F S 2 A TG T T i
PramiE A TCI AT #5008 AR RS AR b V) 67 A o 7 T
RS IR 75 T 4 4 R T 1 S IE # s AR T
A,

K (14) 5K (15) N TR BERE T R 500 L 7
A5 FEL RS M R A R A B R s R K (16) 5 R
(17) R W AR Sk bR 25 A 2% 08 R A8 R 2% S5 | A K
P 5 2 S5 B R A R 3 (18) S AR i Rk 75
T DXl e 08 i) DR Y SR 2 o 2 (19)—(21) g TiAR
DR T ARG SR IRE LA Y1 S L&
KHALICYIH 1) E R R

A B BTG L X ELAG 3 2 0 DX B ) R L 4
P B L R TR RS A T B e R A RO L dn o
IR RLUR AL e i B b AL R i, B A i
B LAl s i DFE ) Ty L BE A EIK A RS ARG
H ity K, B A A5 ] G 38 2 e Siohk m) it iy 21
H Y I T 22 DI04 43 i B R B O] AR e i e 3
SE R R 2 2 DX o il T R R T X R Gt
A5 U143 I 2 7 AR R B 43 RS A R TR AR Al L
LAY A28 % 22 Gt 0 D) 43 LA SR IO 1) 4 fige B )
(R =R
2 SBWARBESS@ENERSE
2.1 EHBEBEMHTIS

AR SR FH AR 4 2092 S o T 06 e, R R AT 0 43, OF
PLUNIEL 1 FF 7 A 79 X ek 1 55 R, R Sy £91) 0k 14 B % 910 43
ik,

Poi+jQn:
B | mXEEBERN
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Table 3 Simulative results of centralized optimal algorithm for different interface power settings
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Table 4 Simulative results of decomposition-coordination interior point method for different interface power settings

D5 LA 1 PG EARREL PRI/ TR G A BN BRSO e R TR
W 6T ) S48 S (R S pou, 6.0322 28 67.869 ;ﬁfﬁ;:‘;gﬂﬁﬂ# 8: }888
W T 3 45 S M 4 o, 6.0472 26 53.065 Eziﬁﬁ%é;:ﬁ@ﬁﬁ% 8: 1888
W 6T ) 48 5 (R 3 pou, 6.0683 2 47.054 ;ﬁfﬁ;:‘;gﬂﬁﬂk 8: }888




F 28

P T, A TG L 2 o IR B A BB 3 ®

MFE 3 53k 4 RN LF RS
A P T T A 300 ) T 4 o A 5 A v 2R AR D ik
75 380 A9 T 7 A A A — B, 06 ] Mgk TR A Bk e A B
CE LI R IR R i N Y/ ¢ i
B ST UME N S 0 AR B A U A B
HWARRBE L R RS X 25 %7 X060 A AR
TR AL R T AN IR B A T R B, AT
0 1T = X8 S W P RN v 37 S L ISR ZR DR e
SRS RIRES 22— A0 0 RO A v R A Bk T e B IS
A6 TF 75 2 090 R 2 0 AR K 7T 1 ik 0 0 P9 32 v e o
J A6 1E 5 2 114 2 250K O A 50 2 WO R gl 2 | DT i
AT ) AT 2 ARk LA R T
2 L5 N THT ) 238 240 B ) IR P D) 5 S Pl P R B
il v ST A R R O AR ASE AR S SR T 0 i B R P s v
SR IR A AL SRR A B

TAN AT 3 53R 4 1 TR AR bk e] L
B WD) RAG S (E N S pou B, B4 S 19 Bl
FEHACHT e /N 5 10025 7 18 D) 2R A6 2 A 3 pou. B T
753 1 BT 4 A e A, 3 R Ay A S i B 4
Tl Z AT VA% i D RS2 5.0702 pou., BT LLAE St
T B A ] 0 ok R N T TR A% i D R AR 2 R S plu.
B, XoF 22 40 15 46 1) 18 A ARG /N — 28 3 B 4 R A
S /N — B T 22 6T T8 2 R 0 R 3 pou. B TE S T
i 42 i £ S R v X R 0 1R A 11 08 R AR A X R — 2
Ty AN K — 2

FEF, 2 3 53 4 gy T Wil 2 J5 # s
R E M E /NG 2 A TIUARL I B L A5 R R AR A
MR FRRT DUR B, 263 BB 45 1 J5 R GEAE 1B ig
FRIRFSTT DA K FAR SRR S T 35 B TG AL 5 S H PR A
TEM LK

DA b5 Bl SR B 20 I R 0 A IE B TR
AT o TR MRS R B A R R ) A
B, SR FH AR S i 0 2 Pl P AR 00 4 ol 4SS A R B
VX 3Gk F TSI it T B 4 R 22 S R RAE R SR AE O
B IS AT RIS R0 R R RS T S0 R S R AR
JEM RS BOR H W Y R A REOR 4w T RGN
A R AR E M B I BT AR SC T 4 2 G ThT ) R 2
SR E IR O A R R R T B s A R % LRk
) T B P AT O

5 #Hr

ASSCHR T 7 L W T ) A 24 TR Y L IGG H O e
PR S R L 4 e 2 R Lk i D A i A Y
AL T IEWBIPIRE T BT PR A Rtk 2
T R T A L A E 24 TR LA R DX Il 4 (1] £ i
T D AR, BER ELIK L 0 23 J2 00 DA B s
AL AL R o A bR O AR 55 P e W 30 PR

VERORARE XK R ST 05 FL AT R B T AR ST A
N7 PR T R P AR 2 P R 7 4 o A 1 B R £ Uk
RGAEIE F I8 TR LR B B BROIR ST B 5
AR E T, L AEH I R GEAE A B MRS T X
[F1) 2 i T TR ) D) 3R R IR B 1 AR S o S g 47 o
AR B TE A P AT 2l A P U Bk 5 )
figk T 3] PAD s 1) 7 OGS L A 0 e ] T R XAk
SRR AE SR R 2 I HL oA 28 P T A T 42 ol 12
POABE RSN | O B2 B2 v 120 figk Db N ik W T A
IR TR T i, R4 e 2 L T R T 47 W v 2 S i
AR PSS R 5 2R 2 A P 30 PR ek R A SR i 11 I
BVE S A EPE DR AR SO fi IR ri ) 2 Pl T
SE LI 45 A Y R L3k BE D ds A R N B s R LA
PSRN EIR N S S N RE S S & S

SEH .

(1] Dftbse  Bpsicfe A, 45, B 53K I A AR D1 00 s EATE
ZRIF[)]. MR 2006,30(17):7-13.

MA  Shiying, YIN Yonghua,LLlI Baiqing,et al. A research on
voltage stability evaluation criteria for interconnected power grid
in China[J]. Power System Technology,2006,30(17):7-13.

(2] 24T BRZ2 i, W 4, 55, ML )i I BRI R B T IR A fie
PERIFERI (). TR, 2006,21(9) :13-17.

LI Jiayu,YAN Anhe,SHANG Jincheng,et al. Optimal preventive
control based on voltage security in electricity market[J]. Tran-
sactions of China Electrotechnical Society,2006,21(9):13-17.

[3] TAYLOR C W. Power system voltage stability[M]. S2EIRR. JLat .
ofE L g RRAE 2001 2 12-18.

(4] FIXE RS BN SF, B R G RS E Pk B A (M.
demt . i 77 R 2004 ; 16-26.

[5] EB, IR FIER. AR I RGP (M), JLat B
Ji4t,2003:421-423.

[6] FENG H,AJJARAPU V,MARATUKULAM D J. A comprehensive
approach for preventive and corrective control to mitigate voltage
collapse[J]. TEEE Transactions on Power Systems,2000,15(2):
791-797.

(7] SR, R U 45, 762k 22 TR R i 25 v e A 35 Ty 2
W] E AL T AR, 2006,26(19) : 1-6.

GUO Ruipeng,WU Hao,HAN Zhenxiang,et al. Online multi-
contingency preventive control to avoid static voltage collapse
[J]. Proceedings of the CSEE,2006,26(19):1-6.

[8] FU X,WANG X F. A unified preventive control approach con-
sidering voltage instability and thermal overload[J]. IET Genera-
tion, Transmission & Distribution,2007,1(6) :864-871.

(9] LB, WM, IRk 22 45, 25 8 T AR 0 M0 78 2k i R T B
FERIL)]. W1 A 34 ,2010,30(10) :62-66.

WANG Rui,GU Wei,WAN Qiulan,et al. Online preventive con-
trol for voltage stability considering supervenient contingency[]J ].
Electric Power Automation Equipment,2010,30(10):62-66.

[10] Bhh , Bk ak/N s 4 TR i AL R0 B 7 1y S
JEARE FUB A ()], v E H AL TR 2540 ,2011,31(34) : 150-155.
ZHONG Hao,WU Zhengqiu,ZHANG Xiaobing,et al. Preventive
control for static voltage stability based on generation power

distribution factor[J]. Proceedings of the CSEE,2011,31(34).



74) N R Ei5%

150-155. 1-6.

[11] 5 —1l. KREEE ) R il R R 8 s Hr S5 W (D], L. [15] YAN W,WEN L L,LI W Y,et al. Decomposition-coordination
A KA ,2010. interior point method and its application to multi-area optimal
ZHANG Yishan. Look-ahead voltage stability analysis and con- reactive power flow[]]. International Journal of Electrical Power
trol for large-scale power systems[D]. Shanghai:Shanghai Jiao & Energy Systems,2011,33(1):55-60.

Tong University,2010. [16] YAN W,YU J,YU D C,et al. A new optimal reactive power

[12] E2% ARk FHoin, 221X 3 v B ZE 45 1000 P4 B9 A otb 43 fift flow model in rectangular form and its solution by predictor
B[], ARG AL ,2002,26(13) :8-13. corrector primal dual interior point method[J]. IEEE Transactions
WANG Xing,SONG Yonghua,LU Qiang. Lagrangian relaxation on Power Systems,2006,21(1):61-67.

based multi-region transmission congestion management[J]. Auto-

mation of Electric Power Systems,2002,26(13):8-13. EEE .
[13] BWr o, Ja i 3, & i 55, WL R R 04 o A sOF A7

k()] ARG A 311 ,2003,27(24) :23-27.

CHENG Xingong,Ll Jiwen,CAO Lixia,et al. Distributed and

parallel optimal power flow solution of electric power systems

P (1980 —), %, w il ik At
I EBRFY ) RARAIELT L
# 7 @ % AF % (E-mail : huxiugiongdu@163.

[J]. Automation of Electric Power Systems,2003,27(24):23-27. com) ;‘

[14] bt UK E AL 6T o R4 0K 546 0 B A7) ). A (1968 —), F IR A, H
i o BL TR 24, 2008,28(7) £ 1-6. BOMEALAEST L ZENF LR
ZHAO Jingjing, WEI Wei,WANG Chenshan. Distributed trans- g GARACIBAT B 42 ) O @ 6B
fer capability computation of electric power systems based on M (1980—), %, 3y T A &l
decomposed network[J]. Proceedings of the CSEE,2008,28(7): ¥ %+ FENFE N RGBT E IR F @A

Preventive control model of static voltage stability and

its algorithm for interconnected power grid
HU Xiuqgiong',YAN Wei*>,YU Juan®
(1. School of Information and Electric Engineering,Panzhihua University, Panzhihua 617000, China;
2. State Key Laboratory of Power Transmission Equipment & System Security and New Technology,
Chongqing University, Chongqing 400044, China)

Abstract: Based on the interface power constraints of regional power grid,a preventive control model of
static voltage stability and its algorithm are proposed for the interconnected power grid,which takes the
minimum control cost as its objective and includes following constraints:the feasibility constraints under
normal operation,the static voltage stability margin constraints under critical contingency and the interface
power constraints of regional power grid under different operational states. It guarantees the static voltage
stability of interconnected power grid under different operational states,and satisfies the trade power
constraints of interfaces. According to the hierarchical and regional management of the interconnected power
grid,an optimal decomposition-coordination model of static voltage preventive control is built and solved by
the decomposition-coordination interior point method. Simulative results verify the correctness and
effectiveness of the proposed model and algorithm.
Key words: electric power systems; voltage control; stability; static voltage stability; preventive control;
interconnected power grid; interface power constraint; decomposition-coordination interior point method;

models



