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Abstract: To address transient instability in power systems following disturbances, a novel
control strategy based on the construction and continuation of post-disturbance equilibrium points
is proposed. First, a mathematical model is established to solve for the proposed equilibrium point,
which is then constructed and extended along the direction of disturbance. A three-stage control
solution process is introduced, which involves solving for the saddle-node bifurcation point,
extending the equilibrium point, and validating the control strategy. Furthermore, sensitivity
analysis is employed to establish an analytical relationship between the extended equilibrium
points and control parameters, optimizing the determination of control strategies. Finally,
simulations based on the IEEE 39-bus standard test case and provincial-level actual power grid

case are conducted for validation. The results demonstrate that the proposed control strategy
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effectively enhances the stability margin of the system following disturbances. Compared to

traditional control strategies, the proposed strategy offers an analytical basis for control, enabling

rapid and precise determination of the direction and magnitude of control parameter adjustments,

thus achieving higher computational efficiency and accuracy. This study provides a solution for

online emergency control that combines both analytical and reliable features.

Keywords: transient stability control; saddle-node bifurcation; sensitivity analysis; online stability

control

R ) 2R G0 122 A R 4 S T AR N ) R 4
FARA oo 4 AN T2 G BB £ i L 5% a4 il 0k 2 4
AR IE A o AN (] 0 45 ) SR I RT3 T AL
fith A, L AT T R N7 ik o R T FUARL S M A ) A
i — e ST T S B T H X R G AT AR E
IRHT L SRR N TR R B AR B R S R S A o R
g MR ) R TR R BOR S ) 5
TIEBT AN UIHL ) A SR L LA R SRR

BEXT — A 25 D) A0 R A8 B AR S, — e
SR PR SEE 1) A v BIL g P98 B O 56 it i X 4 7
$EE o A S0 A R A T SR w1 AE o R 2 I )
BExt N —Avaz A7 75 R AT AL S5 SR 5 O X R
R SR 01 i 2 47 ol SR LA AR R — AN as A7 07 SN &
SRERHS . XFAEL (SRR B B L) 1817 7
G A R o SR S A2 A AT TR 290 15 min, 2R
T B 1R IR 8] P 5 B 2R B8R i A TUAE 280G 0
— B X T 2 AR TUARL e I A X LY SRS L LA
S TE L PRI, SIS DT Y R GE A

SCRRLT0-13 ]2 T 9 88 45 1 AL ) i Ak 7 47 25
R TR R HEAS S8 M 2 X il S HILRE i ) A 4% 4
) 8y 2R AR AR S e e R RS R RE T T T
il 8 R SR o 127 i Al SR R OTBR — R
B RE , I I B4 g ABILBRD 3 0 L B R o 4
5 It %) A ] 2 o e T A RS E R RE SR DAL 6 R
L, FEMGIEA 1, SCHR [ 14 1R 87 25 52 E Bl AR Ak
AR A PR i i 57 1 as A7 O SRR AIE B DTS 4R
b o DT TE g S0 e T 5K, S B S A ) SR 2 . S
BRL 15 IR P AIL 28 GEAH X 3l REARE &, £ ) 35X 4 ol
WE

SCHRL 16 ] AR B30 B0 111 P AR5 A1 52 B 25 A8
SE P AT I B T e DL B A R S T A Y O
Ao PR 5] A RE R Gl R B A
AL CHICRTT) A 3 32 I 22 2, DT S5 B0 2 46 Il 422
SCHRL L7 198 H 5C Bl S 3% 32 P00 38 1007 P 19 B 25 AR
H 0 J B A

SCHRL18 PR AR 2 B & 5l A £ AR E

zkxb. xjtu. edu. cn

A 5 AR Rl R G B T AR E Bt SR Ak
I 1) 7 )b A 45 2k A R I 00 RCR L 48  d
SE P R HR, R A T RO
PRI . SCHIRC 19 T8 il R 2 ) 5 et I 22 7 0 L ANME IE
HERERENIRESE. FEERBRAREEAE
RS E T o0 T RO RRE M HE . ARk WSS H ATTAE N
T RE DT T OT R TG TR A AR E M A 3R g
FEE X RN FER

PR T1 R GE 3 A% Bl i B S . AR G
BT TR E K. XA T — By
SEYLIG A GEWRAT AL o P 2 AR E T 1
Mo AR RE R b A A% R R A it R E Y IR
T3 B A TR RSP R It B DB B L BB A 2 ) &R
G IR AR AT BE /D 3 fi 2 R A A AT . Bl E L
BEDD R 5 10 A JAT 9 LA N 28 8 B4 42 1] 45 i 552 it %)
AL TR 04 4 Tl 2 0 IR A B AR E A
Un SRR AP 45X T R SR E LB B A BRI
JEE DAL LA A A AR A R A P S T A
AT 5 28 58 42 il 54 s 11 SR S [ 3T 3 AL 2 1 O ~F 1
S AFAE AR BE ) L

He T XA A SCHR 3R T 52 P P AR
P B 2 Bk ) 48 1 B AR DL S B 13 T SR
] SR % 140 A AR I L B A O A 0l 2 B O
R BRE SR R, B g o A 5 R TR AR D7
R LASR AR U A 1] R ) R SO 4t ™ A Y
Bk O T DR SR B T A R R SCR AT
R 3 B a8 SR A S 2 ) SR B ) =
I B A il SR Wk R g Ao AT R T AT i A RS AR SR i

1 HLHLE 2S00 M Bea A 5 1

Hh 3 55 5 10 50 25 ORI 3 0 F UM B
VT

dx - -
- — ( ) )
a T (D




24 W % oz M

PN

X.x € RPUGTRZHIRE Ly € R"FERR
G R f S T M R g W A AR
B,
BB R G V-5 15 R G yo) T2
0= f(x,,y,)
0= g(.;co,):o)
FE X 28 G 1 - A5 50 A B, 3 Oy R T DA
byt

(2

0= o(x,) (3

i LU R, ) PRPRE R x, M2

AR A B o RSE M L AR A 20 () IR
SRE AT U A 232 H P

2 ZAUIE R GG 1 ] R s AL A

TEHL ) R G B A G B v, b A B A T K
i A 2 A R A TR AR AT A TR A IR L AN TR A e
RN A Z 0I5 2 G sh 2, b 1 5 20O [A] Al 9 41 o
W o 3K B R S A0 B X L 1 A2 B S R G A A T AR
R PR AR R W24 ],
2.1 ZHMAERZFERITE

FENL SR EE S, — A E s
B HCRE B 2 5 R R . — P A A R A
5t 7T BEAS 1k — 00, 38 1 4 R 48 AT U0 B IR
0 5 J — A i S e bR A A A i s ) A A 1) 3
ALK R G AR E . ZIMATE RGEE A KOV
ME L s Hrp f g B9 AR R (D) FEXT I
AR 2 B kT L BN, e For ¢, BF 2 (D B E
B f Mg BN o(x).

de _ coony Ao & _ ey
E—f(x,y) & = fi(x,y) O = fi(x,y)
0=2(x.y) | O=g(xp) | . | 0=g(xp)
0=p(x,) " N oo g

B 1 ZYHTE 558 A AR RO G A
Fig. 1 Transient of pre-fault and post-fault system

equilibrium point as well as the equilibrium points

TG BRREE I, 00 W2 Z AT RGAL T 12
BARRA G R ARG @ sh oo 8ey
B SR A 22 G 10 P A4 1 x5 A2 0 = @ (o) o DA 2 B
ZIOV R R AL TR B d b oo B2 RS 5E W T B
Ja — A~ i AR A i

— B R G B P AN 2 O A A A R X2
F T e R A DR L I LR 125 A RO - 2
MR L. 4% B, o 2205 A8 e T 855
i, —ANEE I R G B AT BRI T 0 = o(x)

zkxb. xjtu. edu. cn

TTFAEZ T RSS2 WG REWA S, H
Bep BB Rl g — il ik
0= o(x,A) 4)
X A= 0RRFHRG A= 1 RoRfm — M HER
M2 G R  BARIESLbRh A HATEOM LT
AL 2 My 2 YA R — A i
Bk,
2.2 RRIERMRIE
TE R GLIs AT I o B 1 5 A [ ) e 45 1 SR
PLRE XS AN R 9 32 P05 R AS s O . — M A s s 42 1) 5K
WAL S UIAL, U) fa A . X BT R B p R AE 45
FME o
RBEXT S & B [6) 25 S L ALt o 42 il SR mes , BRI
HCH Ty S 2 D ) 2P A B LK T /R
T E Y. A
P =Y. &))
v A AR 7 AR 3 2k I e H AL s HL i
P AT U A P S R RS E R Vi, FEI
P = Vit (6)
) b, BRI S £ A KU & A T
I WA p = Py A SIS £ A6, W p =
Py o HAtNE BLEHE

3 LB MO )17 a5 A7 AEAR BE A B

ZA)E RGBT REA LA RN 32 )
RGEAAFAERGE -7 515 32 YL R GUAF A R 2 -
MBS AR S AR S RS BN TR A
ARSI A A . AR . 32 I JE &R G A A6 A e 1 15 o
e R GRS E Y BEARE

AR Z YT RG] REAFAE A TP a5 (1 — ik
X T Z P AT R GAA — A aE AT A sty
A P B2 YU AR G R RE V- A D A 5 A5
P T 20 R R 7 19 DR 3 20 41 B L DL B R TR A
KR il g A L ) R G RRE A (PSS BIAE T Bl &R
GEHY AR E PR K AN W48 T ARG A, 2 2 39 =
L, — BN 1847 S AT AR s Has 47 s R E /Y

BEXS —ANRpE BB, AN 2 b BB il £ B L BE
E AW, 2O FE A<TT B SRR B o A A
HET A= 1 0 B2 0 2R 48 9 A i, AT R GEAE
LA NS WER Y N S o o U P N
FERY . —EE R RGELIRTE A = 1 A4 iR, I 2
FREk @RS, I RS 0L T 25 03 2 AL A >
1 BREE 70 70 AL R LY Ao R T 32405 R GEAE X
P Fisty S s




BV T IR A SR TR SR ORI — R P T A 25

R T

ST A

)
—T-—> Hikh i
[}

[}
[}
: >
1 f

ol P

B2 ZRERGREETAESRISHELR

Fig. 2 The relationship of post-fault system equilibrium

]'mu\

point and the parameter representing disturbance
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Fig. 3 Time-domain variation of relative rotor angles of all

generators in the power system after disturbance
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Table 1 Sensitivity of the saddle-node bifurcation point to

generator active power of IEEE 39-bus system
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Fig. 6 Time-domain variation of relative rotor angles of all

generators in the power system after disturbance
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Table 2 Sensitivity of the saddle-node bifurcation point to
generator active power of IEEE 39-bus system on a

marginally stable operating point

G RIYE G RIYE
39 0.395 6 35 0.1978
30 0.3517 36 0.1755
38 0.3332 33 0.1376
37 0.2639 32 —0.5269
34 0.210 8 31 —0.5674
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Table 3 Required adjustment magnitude of generator outputs

for system instability

G H 7 I B/ MW A
39 —9.0 1.1186
30 —10.0 1.1203
38 —10.5 1.1215
37 —13.0 1.1237
34 —16.0 1.124 9
35 —17.0 1.1257
36 —19.0 1.1278
33 —24.0 1.1290
32 7.0 1.1175
31 6.5 1.117 6
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