55 49 55 3 ) e R E R Vol. 49, No. 3
202245 A Journal of North China Electric Power University May, 2022

doi: 10.3969/j. ISSN. 1007-2691. 2022. 03. 05

BARGHEBEERERASNRETETZ

1 S 1 1 =2 > 3 2 1
o', WE%, RO FHIK, A K

(1. BRI ) RS E A G0 E (RIER %) JEat 102206; 2. [EMYLHR4 AR
AN RIZGHARVITE R, 1L FE At 210008; 3. [E ML FFH AR B A A R, Jbat 102209)

R HELERTERERG AL ERIFEFIENFARBELRL, A, RET —HREFFTFHS
BRI EG T, QERER SR EAMBREFIA L. BARD T —AHRBSREFORERN S 5E
WAEAT, RBARMKRY KOELEMAT FBEETE, LR EFLE, R@dnd s LBfEiz
FIBF 3R B B ER 8 ENARE . BRI, NEENR T AE, A EEERM TR
gt Handa, fedb ik bt Ao s HAAREAN, BRI EGAE, IR EEA LR
o hF FBATEENAFEEREA S IWERERY A ZTRRGFME, RTLFRT 585 A8t
HHr ik BHERSE SREZHGKMFM, R T ELENAFP A EABEREORE, BAMKE L
B ERS, B LR AT .

KR wERE; HEMR Bk BEASALRBERS BREASD RREFLE; ARER

RESES: TM732  CEFRIRED: A XEHS: 1007-2691 (2022) 03-0044-11

Fast Calculation Method for Critical Point of
Static Voltage Stability in Power System

LI Xiao', LIU Chongru', CAI Hui’*, XIN Shujun’, ZHENG Le'

(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources ( North China Electric Power
University) , Beijing 102206, China; 2. State Grid Jiangsu Economic Research Institute, Nanjing 210008, China;

3. State Grid Economic and Technological Research Institute Co., Ltd., Beijing 102209, China)

Abstract: The critical point of static voltage stability can provide important information for voltage stability evaluation
and control measures. Therefore, we propose a method which includes saddle-node bifurcation point and limit-induced
bifurcation point to quickly calculate the static voltage critical point. Firstly, a saddle-node bifurcation point approxima—
tion index with good linear characteristics was proposed, and then the large-step CPF ( Continuation Power Flow)

method was used to approach the critical point to detect the limit<induced bifurcation. At the same time, the saddle—
node bifurcation point approximation index was used to judge the degree of power flow solution approaching the saddle—
node bifurcation point. When the switching conditions were met, the CPF method was switched to the PoC ( Point of
Collapse) method, which provides a good initial value for the PoC method to calculate the bifurcation point quickly and
accurately. The results show that the proposed method has higher computational efficiency than the CPF. This method a—
voids a large amount of calculation of the correction in the CPF method near the saddle-node bifurcation point, and also
solves the convergence problem of the PoC method when it is far from the saddle-node bifurcation point. Taking into ac—
count the advantages of the CPF method and the PoC method, this method has the dual advantages of accuracy and
speed, and the potential of online application.
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Fig. 1  Schematic diagram of sudden change treatment of

saddle-node bifurcation point approximation index

UNSRAFAE Z2 R GAL, W #E AT Z2 AB IE R ] o
MRAEF (2) 75 3 5748 B 7 ZEAE T R 2 B BE i
PRSPV #HZRBIIZE DT 1] w, — U 19 A
HRVALTIT o, 00— 0 R AL R
TR & o TR AL M UIZ FIAE T — b i B
A TN B, Y a2 BB A T A U A AT L
TN S TR A Al KR o A R R R 25 O B T
B B ASE A TR
1.4 1EIRMIZENTTE

B T 12 I A E PR, H8 45 ¢, 1 it e 3z
2k, B RLnT LU i — >0 OB Xy AR 26
PEAE OB, AR oy — A LR B B i A s ¢
DAVEARG M PP 7 DR AR 328 60 T Y v P T 3 i )



5434

B, SF B RS L RS I S R A DU 1 47

TN B Y5 55 e 45 Y G 70 a2 RN () JE R o
ci
s (7)

Hoh 24 g, vl Lhilad /N5 22 107 XHER,
PROTEIR .

R —
A=[A-E(AN),-c+E(¢),-A"c+E(A-0 ]
Heoa=[A" A%, -, AN e= [cil, ciz,--',
1A e= At A e A T
E(* ) KR8

L

¢, =

Y. = XA
R S FREEAR I T 25 A, Foom A RS )
7.
= kAR (8) P A
min:szl_z
z(3) =1 (8)
st: c; c2(1) <0
Hhs AU RN TS B 5 e, S
S R (7) P T 00 2 (1) H2(3) 4
W FRz MRS 1A TEME 3 Ao, BB
R AN 2R R B R 1), T L) R A
(9 T AR 5 R A
LR B, =2(1)
2 LIS BRI R
2.1 WAEEBELIRBNEE
W R AHLEI IR FEE B Qi A) ~f,( x) =
0,20 Qo (A) ER KoL i & I LTI %,
S ) FERAE I A AR R L A T
R FkL
dQGi dfqi dxj
A dx, da ()
R x, ORI R R A5 B L E PQ W A Y
o PR (EFIA AR PV 35 S L PR (. dx, /dA
ST TN FR S E L AR & L
S0 FBRAE AT R A, T3 A & o HL A0 A
s R, IS (10) BT
AX = (0" = Qg) 1(d0/dN) Li e Gy
(10)

AN = (Ve = Vo) I(dV,1dA) 4i € Gpy(11)
Krf: Gy TR KA i PV 15 5iE S Gy,
FORA ML S PQ T ARG AV, /da i
SRR TR BN A SR RIEHA R R
T 0 i fe /IMEAE 99 5 28 R AR i AR i Ak 1
L= (12) f1al (13) FiRs

o (A +ANFAL < AX
A= (12)

A+AXFAL > A
R=x+ (A= A) da/dr (13)
A Ad = min (AX 1,0 e Gy UGyl s AL &
M >0

IS S A P PN A AR B A B

DI (12) A (13) HEBIIE AL5) K
MEIEFR T AR WA E , R SCik (7,28 1/ 71k,
RENS ELHETH A H T i 2R R AR e AR s B I SRR
A, BIFUR A AR A S B ER A ) A FLBIL Y S5 TC )
A E FRAH H & B ALH R 55 T e E i i o 11
SR Ry s TR R I AR SR B — ST R
DA a8 21 PR il 0 & AL % s TS Dh sl ] A PQ
AWK PV T R AN Y & A AL A R R LA
SO, ASEA VR AR SR ARG IR T
o

{2 2SS 5 LT [A] B e A R R 5 4 B
PRI w5 28 R HE A X LR ) 5 J5 e, mp
REUSC SR AN 2 & LTS D BRI A i A 1 kA
EAMEOLT ) 2R 46 /N K RO IE SR,
ARSCHEM LT B FME 4

(1) YMTAT 0 A AT AL,
RS Z 5, 5 A BT RRR, IR 285 A
MRV 2 J , BT THAR Y A ¢ AT s SR Ak
I A 55 o

(2) GraRFny A 0 AN a5 R AT R AR
PRt 2 A HZ 22/ T o, HIERIAME 1 i
5§ R A AR AT R B ALY oS B
A2 KT w0 B s 2B, P DAY A 7 AR
B4 1 G B Y i T AR LY S AR AR A i B
o o o AT RAC— A8/ %R L 1 hn = =0. 001,

I KRR R B AR R ZFEAL T,
NP1 R DA BT SR ARG R R . Y A 1
TR A it 670 7o b B A B, LA b AN R



48 L oK 2 R

2022 4

THEASA AT e & H . AL, 3 A s I T AR SO
FEE ANBREE A0y 75 AR AP IR
2.2 KRIEEBMIAH
JASAI TE AR UM T RS AL A U AN
BEBER Sy 3 B AR PR R AR W . i DATE TR
T SO MR SRS FIWT R AR
BEUHRAS 21 s R AR ARG B 05 2 )5 L 38
b T R AV AT AN A S (D) ) R A A5 AR 4R
T L% R 75 e R 20 20 2 .
JEM PREF 03 7, WA g B3 A\ B 55 R 3 70,1155
IONER ST NE R TR
M REAERY 5370 IR T 4R b I W B 45 S, R
AN RN % S Ui 1 A TE R, B Ok R H i 4
RS20, m 0 BRI 5 0, BE B P Wi BB 4y 2
Mo FIW ik an
(1) TER— 20 S0 I vk WAL IE IR T SR A 1T
L35 R IRFT A FE R ¢, 5 RELHL R IR (B L 0
SGRELR ko LUEITAT B0 A7 19 a5 1) e 25 AU 43 20
EHRAE ¢ (B, W A X M /IN B R HEF L 1099 4 0
MIF5 8 Ord( ¢,) o FHARUHE , K5 67 fif FE R BE LR A L
FEMR A o /N2 K HEF, a2 1 0 PSR
Ord( V) BRJFIHH Ord(¢;) + Ord( V) , HRZE R
INIEEL G R ko
(2) BFRIBEZL b (38 HR o AT 22 B E AR
LA, A5 BN AR ¥ 2 J5 E I AR AR LN ¢, o
(3) FIHB/ N Tk Xt ¢, AT MIIA PG
S5 (14) FroR. Rk w1 & 2T A
(55 1A A=, I A BB BN TS5 T A0
€ = piA tpy A S A (14)
(4) TESE 125 LU 303% S0 it T B4 75 1) 671 i
HOK BB, R (15) L WR R K
MR O MG A R 7 e WIEAT N — 2
P
A=A - e/p, (15)
s &, FORIERR ¢, £ A=A, FHH{H.
AT A <A, FFE AR (A A2 F B0 ER T 1 S50
Ay T LR BT 21 4 0 00 00 A 75 0 5 i
LN S SN TEZ [P N R b
Hita.
IR EAR S B WK 2. A T HRERE
AR, DR BT Il 3 F0 A Y 4 e AP FR T
AL IEPR T AL B 7 5

A2 Bk

Fig. 2 Overall calculation process

3 BRI AT A RO B

3.1 EREMITESE
S H RS AR (R B 4l A 43 20, AT 4 Tm) 10K
fif LR 9 ENR T R (%, A) o
f(x,A) =0
g(x,A) =rank(f,) - (2n-r-1) =0
(16)
A rank( * ) FoRHFERRR f, Fos W T R
AR LUAEIE; g(x, A) = 0 2 LA I3 30 S 40
PR & AR IR e B
TR 16) ROfifE R A eAE R 53 20, i o 1 A it
R I T I T B (16) Y 3G ) HE & LU [
J =K (17) fioR. f, BN T RS EA 1Y
T FE. M f(x, A) =fi(x) + f£(Q) B f 5 x T
Ko g,=0,8 %R g RECHAEUE & x 190k FEL
~ (fx f,{)
J =
gx gA
MRIEL g MRIBXBA AR FENIEA . A3
K (18) By i g, 530 (16) FHY K%L g

%/{ﬁbljﬂ

(17)

g=(d-c"A"'b) (18)
A R A SRR fAE MR L R AT kSR
TNy o b KR fPER kSR kB ATZ
SMITCER o ¢ FoR f, PG kAT HRBRES k322 A
ICER o 1ot d FoR fHEFEREE kAT5 kIR oT
Fo kMR EBOE S N B EE RIS
A B, AR SCIE R kAE N 5 k5 A5 R E
BRI o e 55 BELR b (9 D7 EEARTA] o
T 50 g, T ZOR AR (18) HHAERE A 1934,
LI f(x) 76 x A0 J T (33 A5 R R 1) — 3 40



5434

B, SF B RS L RS I S R A DU 1 49

1T AR T A SUR IR R T
SRR
3.2 ETERNBET %
3.2.1 3|3

BB 1 /M, WS, R T MRS b A
SH R S i W, G
Hg 75X (19) A1 (20) W FLL AP RS
T 201 TSP BB ¢=0 .

SES [ W

-1
T f" - R —
G ey RO

ASCHEGIBE 1 5Ll ERoR g, TSGR
FEFER PR R T ke #a(19) 5 Wi 20k
(u', g ,530(20) B 55

g=ufW (21)

BR=1[0,.,11",T"=[0,,1]u" = (-c'A",
WP, W=P'(-(-A"p)",1)" o HPREP N
—AEE I TR LR f P s R AT k
IR iR JG —AT—F . B 5 E f, Ak
AR RN (22) FiR i e, b A e
R(zn—r—l) x(2n-r-1) , b ER(zn—H)xl ,c ER(zn—H)xl , de
Ro r Fm PV W (B EAA YR 5 ER
HAYTT ) MEGE. A8 R, T, u F1 W B3Rk
KACARK(21) Fghnl LIRS (18) o BhBIFELL
T, (18) Hfl ksl g B T3 1.

L (A b
=)

i —Pad it X (19) F12X( 20) KA g XFm T
AR x FRBMRER . id g MEEERNR
B g, 2 (21) &5 W R oK S 15 F) 5K
(23) .

g =(u') (W) +u'(f) W+u'fW (23)

MR (19) A= (20) hf W=Rg Flu'f, =
gT", 3 23) ATLAME ML IR

g =(u') (Rg) +u'(f.) W +gT'W (24)

HRHE( 19) Fnxl(20) 1, T'W=1 Flu'R=1,

53

- 1) (20

(22)

T'W =- (T)"'W (25)

(u') ' R=-u'R" (26)

T me T R bR g e, Bt DL 25)
F(26) Wy T-F1 RERSE T4 0 il iE . (R, 4%
2 (25) F1=Xl GOTO( 26) fRA(24) , 153 g XHE:

HSH 2 =X 27) frss
g =u(f)w 27)
FRea(27) LA 2 BT A AU R &, 75 21
g MFRBA
g =uf. W (28)
3.2.2 BAEHENEIITEFE
3 28) HVAY ., 2 R 7 R ) T AR A I, R R
WAL ER ) R Ge b i AR MR e B AR s o AR
THL ) ARG 7 A, O AR v B A g (EL
FBRAR RS BORARAE A = 4EJE 5 E E A o
AR 7 1) S E i S, I )i WO T 1]
BT R OB L 507 ) )i WA AR, R
flx+eW)),, - (f(%) i
&
oy 3
ox; 0x;
X VERBER T, A VI=f; TR(i, j) £
FEFERER i 475 j AIAITT R B R bR 1 B 3R
AT AR AR N IT R

V(

w (29)

[ PR AT A5
Jx+eW)) ;- (LX) .,
- -
v
Lax_ﬂ W=((VH.W, (30)
K (V) =f, FFR(:, ) TN 5.
M4,
g, ~ qux(x + ‘9W’)\) _fx(x’)\) (31)

&

VA Hrd Rt B, U 2B 1 WA x
(g — A3, A8 X3 48 T ) b OR RUHE S L
FEREAER il n] IR TSR3 g, o 38R
PRI /N AR 5 75 B B0 S A 1
Mo & AT AR —DEUNERUE, IS L e U
/N g BT A RO i (2 5 2% IR R
TR E AGRZE, BT LU BRI N X T
KRS BE V7 A W LA 6=107 .

ARSCERE HY 1) T AR P R SR 7 ik, e 3 P
B HERRTTRACR

4 BB

FERCE N 17-8700 Zb3ER .8 G NAFRYTHEAEHL
b FHEAE Matlab Gl A SCHE H AR, DL
il case2736sp, case2869pagase, case6468rte 3] "
case924 1 pegase " S HEFT 3T , I 4% LA 43 51



20 g K R

2022 4

2736 SRRk, 2 869 SRR, 6 468 Sk HEZR, Al
9O 241582k, AT EHE T b G A D) ARG KT
IR 1 R4 R G0 DRI R A1
fRRE 42 2R G 14 B0 A A D D1 538 L T B B 30 46 L 491
KRG AL G BRSN) A
DIRALAE LU 1 DL HH 0 3o R 2
7 Syl DI 00 A D ARG R OO B T B
ZINERT 10 AT R A D DR TR T T R A L
BN , = R G A AL PTG BR A1) 25 L
BRA IR A IR . KA RIE SR
KUK 59 2 B 7 15 B R R T i
AR
4.1 BEHE [IEIEEREER

JRAE AT R A 20 0 R 45 TR 3 0 3
FEPREI AL, [ 3 R WA B i 5K (6) A4k BT
AT AR B B A W PR 4 148 AR A Tl i 22,
LEU 0370, kBT REAR (19 578 A B AN JE SR AT 3]
TARGFRYE IE B IE 5 1 1 SR R %R b A dE &
PEAE ) L AR F) i

A3 #EASEEBAHBAF(FRETRN, REBE
wE) AKX 2
Fig. 3 Saddle-node bifurcation point approximation index

( before nonlinear transformation, whether jump

corrected or not)

BETBIER AR, @l 25 M BRI
(7) MARZEIEAR e, 45 2 (0 45 B 0 20 i I
LA T AR R L e, dniel 4 B o

B4 AL EEARRFEIETRE)
Fig. 4  Saddlenode bifurcation point approximation index
( after nonlinear transformation)
PA_EZREIE T T L A 3 45 1 03 72 r e T
TEAR A0 RGP 7R 28 5 3 s S T A A3 il Y 5%
B IE MARLANE A 2 )5, BA B AR AL
4.2 MEEHBRE
8K A ALY K B AL, AU A8 00 A5
Koo=10, ARG A Gy (KT Ay
FS R R AR 8 o TR AR P T fid A 4 b a2
BROCENGR 1 7R
F1 AMEBEMEZRELLR
Tab.1 Comparison of trigger times of complementary logic

B B2 TN A
L e

1 25 0 160 SNB
case2736sp
2 37 1 249 LB
1 0 0 87 SNB
case2809pegase
2 0 0 184 LIB
1 8 0 104 SNB
case®468rte
2 8 0 105 SNB
1 0 0 159 SNB
case9241pegase
2 1 0 185 SNB




5434

B, SF B RS L RS I S R A DU 1 >l

# 1 h SNB SRR 458 53 75, LIB R sl B
VRt AOREBW G RZBUIEIL T 4M 2
1500 R AT 25 sl B 4 i S L A Al i Y 4 /N A
KA AR IER T o AUTE case2736sp RGEM
Tt KA 2 YTHRE R ik T RME AR 2.

TEB ] case6468rte H1, 1286 3725 Rk4k1 366
JUF IR A AR i S B e Al o BRARAE TN A5 K L
BREES R (B o=1.0) @3 (10) Fisk (11)
FETR MR BB RELR 1 366506 K AT s AL AL, A
T3 N BE 226 372 1Y TC T i Bt o (H 2 i #h 32 4
1 K5 BEER6 3725640 0 PQ 5 s 5, 7R 25 R E 7
IS T A o B0, 1 B Y T i
4.3 HEHEELR

N TSP IS T 25 a5 I A ik 1
SRS DA R 5 T 8 52 0, AN 8 R FL HIL TG
TR RS, e LL L 4 ARG AR R KT Y
THEE], A S Frs o

B 5 et rkik

Fig. 5 Comparison of computation time

P S rp 2 2R 32 7R AR SR SR T 4B 1B 7 ik
A B EE T3 2, i E T RS AR PP I A T i R
BATHER, AR5 I BT R . AR
Fook ALK 2 804 J7 3 09 3% 22 T Wit 58 07
o HESMVIE A AR AL IE IR Y 19 A4 ik
TR AR B2 R i /N JFOR (9 — 2, RT3

ROEF

TEESL I B b, G s i i B B
AR, HINE 5 b KA T 20 IS L, A
ARG TR AN S Bk A W SIS L i B 22 (R A% O
W EE T DL R 2 0 A ik kAR, B
FEAR TR

B 5 i i oa g5 S 2R B, FE AR R s 204K
TEOLN AR SO ¥ b 3% S e a2 A3 e B e, S it
FH A0 o AR SCHE HH 118 e 235 Y 3 23 o1 38 3T 3 s Y9 0 2
AT REZE T3 70 A R B, T Y R Geis A7 S B
T KA R, 5% o B T R e R B
T AP
4.4 HEBELLR

H 103 2 SR 2 W S 1 T R R
ZEHRAE 107 LUF, P AR I8 R A S0y 6388 S 14 48
W B AR B B A R AR PV i 4
o

K6 i T AR K T B0 S g R
A LLE e (1) ARSCAY vkl B B 0 7
ROITTRORS R 2 i el i AL K iy 2 ma o 1 R
BRI A 0 SIS R A2 R WA K
Wis (2) FH T AT A S0 BB 45 R A PV R I,
ARSI TR 5 AR K 55 F A% 5 1 8L i

AOTHER A DEWI AR SB35 45 2R B 428 30 e 245
B3 o

B 6 SR St Fo 6 sbdk

Fig. 6 Comparison of calculation accuracy of critical point



22 g K R

2022 4

4.5 BHREFERKTERE

1 Y PO 6 R B AR 0 — AR B 2 ) —
HEHEFE S 1) 22 (] s AT T O0E, BAR S
B O I AR M BE RS L BTy Mo M) T R O
B PR o H R S 3O B ¥ AR T — 4
FE R AT (o ELHR B s R R R, e A
A Z 1) T 5 ik A A LA AT A ALY He . I,
RSl OB B AR T U R AR RIE IR BOR
PEAT U

BAGHA (28) P ARIEE £ W, 3L T
BT £ P AEZ TR A K, A 1) B
W R AR B A T 2R R B 5 1 5 BT A
— YRS AERF TR R . RIS £ M BT R 4
B 8 A TR TR ARG TG THE Rl A
AIFRTEUCEL, I 2 o RAETPRIBRAL | 55T
FAVEFERAR 0 JUR B, T AR R AR
ST, B 2o AR A T3 AR/ T 25X
TR AR B A TH 3, 0 EL R U i R S
BA B AR S
*2 RAEBBHREMSEXHEAEHRERNITESLL

B8

Tab.2  Comparison of calculation amount of implicit forming

Hessian matrix and explicit forming Hessian matrix

R WA ity 77
JE W 1 e v A HE R 1 e v B
case2736sp 11.873 17. 254
case2869pegase 11. 815 16.523
case6468rte 12.075 18. 635
case9241pegase 11. 877 16. 881
5 &

RSP T — B A i AR RE I 5 i (4 DR
W Itk wINEHRALCE 3 M Fisi:

(1) BT — T R 1 o 5 0 Y e 45 By 3
BB (=1 A LIDEE R (e R e W AR
PEARAC A, ST Xk o VA A 20T 4 45 R 0 72
A Ak

(2) 4R T L vk S A B 0y 7
AR A D) SRS, 3 1 5 25 T 3 7 0 I 48
(R B, i 2 30T 45 R 0 22 i s DA S 0 )
B e, G 1 ) U T M LA DR 9 7
THE AT 3 20, 3 00 TR, [R] I O Bk 4R A1 1
BT (R, SE B0 T W AR ISR 05 ik B e A

AN
0 o

(3) $EH T —Rhie AR AR I A B Rk B

ARSI IR0 R S0 T I HHA
TR e B A AER T 8 7 R A T 2R AR
W A 8O e, AR SR SRRty b ] DA E — 28 i
I A TR

H TR A D7 3 T DL i Ak TR i DS
AL, AEA SCHY FE R L3 W] DA% 8 0 T b i3
F A2 T, LK ST BE PR AL AL AN B O i A
R GERERSR, BORARTOR — 221 TAE

S Z ik

(1] BRIRP, BEZE. E79 “11.107 5 Ha J5L IR 43 B K

X E R M s [T R, 2010, 34
(5): 77-82.
CHEN Yiping, HONG Jun. Analysis on causes of
blackout occurred in brazilian power grid on Nov. 11,
2009 and lessons drawn from it to China Southern Power
Grid [J]. Power System Technology , 2010 , 34
(5) : 77-82 (in Chinese) .

(2] HosEsk, §IV0%, EvitE. 2003 48 E PR THEHR S
BB ] ARG AL, 2004, (3): 1-4.
GAN Degqiang, HU Jiangyi, HAN Zhengiang. Reflec—
tions on several international power outages in 2003
[J]. Automation of Electric Power Systems, 2004,
(3): 1-4 (in Chinese) .

(3] HoA KR 98" A5 i Bl b B 42 H AR

miazw U mhRGE A, 2012, 36 (15): 1
=7.
FANG Yongjie. Lessons from september 8 2011 south—
west america blackout for prevention and control of cas—
cading outages [J]. Automation of Electric Power Sys—
tems, 2012, 36 (15): 1-7 (in Chinese) .

L4 ] Vofh, Enul, RMGHE, & BIEREREN S8

R SR AR vk [T b E L TR AR R,
2006, 26 (2): 13-18.
JIANG Wei, WANG Chengshan, SHE Yixin, et al.
A new method to compute the sensitivity of loading mar—
gin to voltage collapse with respect to parameters [J].
Proceedings of the CSEE, 2006, 26 (2): 13-18
(in Chinese) .

[5] REER, #i, M. RN L 2290 0F =

AL RO R A (V] T E L TR A
2013, 33 (28): 101-105.
WU Zhengqiu, ZHONG Hao, CHEN Huihua. A novel
algorithm for system load margin sensitivity without the
left eigenvector [J]. Proceedings of the CSEE, 2013,
33 (28): 101-105 ( in Chinese) .

(6] BE IR, skAAW]. S0 & HAE R T R MR
SESHHTI R . B RGE A sk, 2005, 29



[7]

[8]

(9]

[10]

[11]

[12]

553 1 B e, 5 N RS U RARRE IR S A P R 33
(11): 91-96. balance nodes [J]. Proceedings of the CSEE, 2016,

ZHAO Jinquan, ZHANG Boming. Summarization of
continuation power flow and its applications in static
stability analysis of power system [J]. Automation of
Eletric Power Systems, 2005, 29 (11): 91-96 (in
Chinese) .

AET, R, TR, AF. HET SRR A AR R
wRayEEN T J]. o &% A 3h1k, 2008,
(18): 35-38.

XIONG Ning, CHENG Haozhong, MA Zeliang, et al.

A method for detecting limit induced bifurcation based
on continuation power flow [J]. Automation of Electric
Power Systems, 2008, (18): 35-38 (in Chinese) .
#IEH], R, sl 55 ESRS B0k X
AR Sk U] s RE Ak,
2011, 35 (13): 49-53.

DONG Xiaoming, LIANG Jun, HAN Xueshan, et al.
Analysis and improvement on parameter selection strate—
gy and step size controlling in continuation power flow
[J]. Automation of Eletric Power Systems, 2011, 35
(13): 49-53 (in Chinese) .

Brop, XIEUE, PREF, S —MET AEMAE K
54 E S8 s E g no T o .
B 77 A 3hifki% 4%, 2018, 38 (10): 184-190.
RUAN Chong, LIU Jinchan, CHEN Baoping. An im—
proved continuation power flow method based on adap-
tive controlled step-size and combination of parameter—
ization [J]. Electric Power Automation Equipment,
2018, 38 (10): 184 - 190 ( in Chinese) .

Ve, WITESC, ZEmE, 4. ST 2 T B Y
ELITE A E R KR A ] RS
NMH BB FH, 2020, 32 (11): 1-6.

SUN Hua, HU Dewen, LI Li, et al. Adaptive step—
size control strategy for continuation power flow calcula—
tion based on polynomial regression analysis [J]. Pro—
ceedings of the CSUEPSA, 2020, 32 (11): 1 - 6
(in Chinese) .

IR SRR, A i ) R e B SR
WhgE (I, s R AL T AR 24, 2005, 25 (22): 7
-11.

ZHAO Jinquan, Zhang Boming. A study on the strate—
gy for improving robustness of continuation power flow
computation [J7. Proceedings of the CSEE, 2005,
25 (22): 7-11 (in Chinese) .

IEME, W5, EU/NK, GF PR I I8
Fiidcen I R S (0] v B L AR
i, 2016, 36 (8): 2057-2067.

PENG Hanmei, CAO Yijia, HUANG Xiaoqing, et al.

Continuation power flow for islanding microgrid without

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

36 (8): 2057-2067 ( in Chinese) .

REGMG , FRAURE. R A T ST B R
fEART: [J]. A E AL TR 244, 2000, 20 (5):
64-67.

Guo Ruipeng, Han Zhenxiang. An improved zero eigen
value method for point collapse [J]. Proceedings of
the CSEE, 2000, 20 (5): 64 - 67 (in Chinese) .
CANIZARES C A, ALVARADO F L, DEMARCO C L,
et al. Point of collapse methods applied to AC/DC pow—
er systems [J]. IEEE Transactions on Power Systems,
1992, 7 (2): 673-683.

A, Ful, miEE, & HEIEHSEER
SENGF SRR U] hE LT RS, 2006,
20 (10): 1-6.

JIANG Wei, WANG Chengshan, SHE Yixin, et al.
A new method for direct calculating the critical point of
static voltage stability [J]. Proceedings of the CSEE,
2006, 20 (10): 1-6 (in Chinese) .

S, O7 5K i AR E I A RN S
1. B RGE KA ALER, 1999, (Z1): 18-
24.

WU hao, FANG Gefei. A practical direct method for
voltage collapse point [J]. Proceedings of the EPSA,
1999, (Z1): 18-24 (in Chinese) .

MOORE G, SPENCE A. The calculation of turning
points of nonlinear equations [J]. SIAM Journal on
Numerical Analysis, 1980, 17 (4): 567-576.
TUE, Y. HIAh PrQ Y BT L R A B A
A ik (1], b E AL TR 2 4R, 2018, 38
(12): 3507-3515.

WAN Kaiyao, JIANG Tong. A direct calculation meth—
od of voltage collapse points by supplement of a new
type of P’ Q Bus [J]. Proceedings of the CSEE,
2018, 38 (12): 3507-3515 ( in Chinese) .

SEYDEL R. Numerical computation of branch points in
nonlinear equations [J1].
1979, 33 (3): 339-352.
JIANG T, WAN K, FENG Z. Boundary-derivative di—
rect method for computing saddle node bifurcation
1.
Journal of Electrical Power & Energy Systems, 2019,
112: 199-208.

ZH, AXE, RRE. B RGOLEFE D
M EdR L] AR (HRBIEM) |
2002, (9): 1165-1167.

JIANG Yong, ZHOU Shuangxi, ZHU Lingzhi. Second

order index in voltage static stability analysis of power

Numerische Mathematik,

points in voltage stability analysis International

system [J]. Journat of Tsinghua University ( Science



54

et i ) R R R 2022 4

[22]

(23]

[24]

[25]

[26]

(27]

[28]

[29]

and Technology) , 2002, (9): 1165-1167 ( in Chi-
nese) .

SRS ) R g AR E v R L ML b
AL RIE L R, 2004.

ZHOU Shuangxi. Voltage stability and control of power
system (M]. Beijing: China Electric Power Press,
2004 ( in Chinese) .

hebhfe, XUBAME, FA. —FhRBIE SR R
ARG Ul Bl RGE A S, 2006, 30
(24): 17-20.

MA Guanxiong, LIU Mingbo, WANG Qi. A hybrid
method for identifying bifurcation points in steady-state
voltage stability analysis [J]. Automation of Electric
Power Systems, 2006, 30 (24): 17-20 (in Chi-
nese) .

/N, TR, B0, S5 WO RS 7
SO P R ] b E b TR 2
2011, 31 (7): 83-88.

YANG Xiaoyu , ZHOU Xiaoxin , LI Lixin, et al.
Block elimination algorithms for the saddle-node bifur—
cation point of power flow equations [J]. Proceedings
of the CSEE, 2011, 31 (7): 83-88 (in Chinese) .
HUSSEIN A, CHEN K E, WAN H. On adapting test
function methods for fast detection of fold bifurcations in
power systems [J]. International Journal of Bifurcation
and Chaos, 2002, 12 (1): 179-185.

ABBOTT J P. Numerical continuation methods for non—
linear equations and bifurcation problems [J]. Bulletin
of the Australian Mathematical Society, 1977, 17
(2): 307-308.

XIJEHE, WER, LI, SRR EA R R SHE
FERERSESNTE U] hEEI TR R,
2013, 33 (10): 50-56.

LIU Guangye, SHI Hailiang, YANG Yihan. Compre—
hensive dynamic analysis method for power system static
voltage stability [1]. Proceedings of the CSEE, 2013,
33 (10) : 50-56 ( in Chinese) .

HISKENS I A, CHAKRABARTI B B. Direct calcula—
tion of reactive power limit points [J]. Fuel and Ener—
gy Abstracts, 1996, 37 (3): 192.

RE, EE, TUlLE, & HEEIEBESEERE
MBSk sk (0], i A sh ki 4, 2020,
40 (11): 150-156.

CHEN Chang, JIANG Tong, WAN Kaiyao, etal. Im—
proved point of collapse method for direct calculation of
static voltage stability margin [J]. Electric Power Au-
tomation Equipment, 2020, 40 ( 11): 150 - 156
(in Chinese) .

(30] TroliE, 2/, Haim, & FSHRRE 57 A

e EE D] T E R L TR 2R, 2020,
40 (20): 6548-6557.
WAN Kaiyao, JIANG Tong, FENG Zhuocheng, et al.
A method of directly identifying the steady-state voltage
stability bifurcation [J1. Proceedings of the CSEE,
2020, 40 (20): 6548 - 6557 (in Chinese) .

[31] SEYDEL R. On a class of bifurcation test functions
[J]. Chaos, Solitons & Fractals, 1997, 8 (6): 851
-855.

[32] SEYDEL R. On detecting stationary bifurcations [J].
International Journal of Bifurcation and Chaos, 1991,
1 (2): 335-337.

(33] WAEH, Baly, RE. KBS HR RS

RS AR (], thERAL TR, 2011,
31 (10): 95-101.
QIN Zhijun, HOU Yunhe, WU Fuli. Practical model
for large-scale ac-dc system power flow calculation
[7]. Proceedings of the CSEE, 2011, 31 (10): 95
- 101 (in Chinese) .

[34] GRIEWANK A, REDDIEN G W. Characterization and
computation of generalized turning points [J]. SIAM
Journal on Numerical Analysis, 1984, 21 (1): 176—
185.

(35] JOSZ C, FLISCOUNAKIS S, MAEGHT J, et al. AC
power flow data in MATPOWER and QCQP Format:
iTesla, RTE Snapshots, and PEGASE [R ], 2016. ht—
tps: //arxiv. org/pdf/1603.01533.

[36] FLISCOUNAKIS S, PANCIATICI P, CAPITANESCU
F, et al. Contingency ranking with respect to overloads
in very large power systems taking into account uncer—
tainty, preventive, and corrective actions [J]. IEEE
Transactions on Power Systems, 2013, 28 (4): 4909
—-4917.

fEE '/

BIGE (1993) , 5, WLBEITAE, DRI In i ) R A E M)
Hr5 ¥, 1lixiao000@ ncepu. edu. cn;

XGed (1977) , L, BR, @fEEE, TENFLEREA R
GorHr S i E . BT S E M R R TAE, chongru. lu@
ncepu. edu. cn;

SENE (1984) , B3, TARUW, BHSEUT I AL REAREMES TS
P, 79595050@ qq. com;

FEIPR (1990) , 55, TR, WFFEIr i ) & Gk sE H 43 b
5¥i#l, woshipurel @ gmail. com;

IR (1989) . ., PRI, BFFIT I L) R GERE M AT 5 45
i, zhengl20@ ncepu. edu. cn.



