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ABSTRACT : [Objective] This paper systematically analyzes the static voltage stability and power limit characteristics of the
fractional frequency transmission system (FFTS) , exploring the variation laws and intrinsic mechanisms under varying
frequencies and topological structures. [Methods] Based on the mechanism of static voltage stability and the continuation power
flow method, the advantages of FFTS in static voltage stability are identified. The investigation reveals that the power limit
shows both monotonic and non-monotonic trends as frequency decreases, depending on the network topology. Furthermore, the
active power limit expression is derived based on the Thevenin equivalent circuit to elucidate the causes of non-monotonic
variations. [Results] For a given topology, the static voltage stability of an FFTS is superior to that of the power system operating
at power frequency. However, in specific topologies, the active power limit presents a non-monotonic characteristic of
"increase-then-decrease" as frequency declines. This phenomenon originates from the coupling effect between the phase angle
of the PV node and the system reactance. When this coupling effect does not affect the power limit, the power limit varies
monotonically. [Conclusions] While FFTS offers significant advantages for static voltage stability, its power limits are highly
sensitive to topological configurations. Consequently, system parameters must be carefully configured during the design phase.
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Fig. 1 Single-machine two-bus system
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prediction-correction process
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Fig. 3 Schematic diagram of the VQ curve

prediction-correction process
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Fig. 4 PV Curve of the single-machine two-bus system

2.2 KHEFFTSHESBIEREMERINERIR
P E DR EGRAE T, BbL 2 9 s RGNS T
R A1) 750 2 PR AR P B T 3R B B P T TS AT o
AR IMFIZLE AL IEEE 1435 5 24 ) IEEE 57 15 5
R FH RIBE R G018 A, R R ok LA
HF BB BT A R R e PR AR SOOR FH 4 22
TR S HT FRTS 2R G002 o R AR Pk e T R B
AR TH# T IEEE 14715 5 2587 14 4 X IEEE 57
TR G AT 25 (RS H R RS E T B T R A BR AR Ak
WELS 6 TR, RGe4it WoCHR 31 ] FISCik[32 ],

1.05
1.00}
0.95F ! .
0.90} ' - ‘
- 1.020f —
2 085} S
= B
= 080} 1.016} \ \
&‘ IIIII ]
2 075 48 49 50 51 52 -
| ——60Hz
070p —— 01z
| ——30Hz
0651 S0,
0.60} 15 Hz
Ty BRAR L 34
0-55, 50 100 150 200 250 300

Ui PMW
BE5 IEEE 14 %41 =4 PV %
Fig. 5 PV curve for bus 4 of the IEEE 14-bus system

FETEEE 14795 55 249,60 Hz g T4, i & 5 7]
L, 18 AR TR) B o A7 50T, A0 SRR AIG , R R B T
Bop /L 5 P P R T A 5 (F2 A T ) 2 B
A8 A A 2 R A, A1 o R I, AP
A BRI Do) A% R E 5T 3] — o 1R
J&i A DTSR AR R BT B O . Y 1 1 A
IEEE 57 15 S R G P [RIEAETE S

PRI R AT 52 1T 0 BRI 2 715 05 2R S A ) A PR

http://www. cepc. com. cn



%5

SRIEVF , 25 - 70U L AR GRS L TR ARE PR A 43

éﬁé }\

=
=
g
mE
0.6 /
=
L ——60 Hz
0.5 ——50 Hz
——30Hz
0.4 ———20 Hz
12 Hz .
03k Ty FRAR AL A
5 10 15 20 25 30
TPPRPIMW

6 IEEE 57 R4 Tim 25 PVHIZ
Fig. 6 PV curve for bus 25 of the IEEE 57-bus system

05 T AR AT AN BEHE ) 2 KA R 45, D) R A B Bt
B2 AT s AR B A2 Ak AR AR AL B G T 43 M i R
RYE T KR AL Pr s, w5 #t— R
2.3 B ESKEZITHRRRIES

A FHUAR FETS ) 5845 B Al B8 22 Ak iy Rk vl e
IR G LRI, I8 24 0] B F @& B R G A HLS 14y
T it A1 25 o R 70 2 P e M B oy 2Rl B 1 22 4k
PLEE .

A EE X HA A PV S PO T IR
W 3745 s R G, S AT SR BTN R 8 A H AR
KTy A R Ay R 52 o 3795 s R Fhan 1€ 7 e
N, R AR TR S BT, R SR B AR AL R
(0. 01+j0. 04) pu, BHIZTTHE N B, 26 % FL T IR (EI
AN TE TR /N B — B A T S T A B
ORI AR R B S, PR TR BB (E
BN AE RIS Sy B, N FEER M 3T M R G
B2 AR RIS B RPTON FLBR 4 145, 28
Xof b HL 8, 5 A3 g ) 5 PRBCHE A 1 A 1 O A
WL, 2 NPV R R3O PO T R 3T R
B R IR 2 1.0 pu, Hith v, = v,20, V, =
Vo L8y, 8, 0715 # 2 AHXE T4 4 L AAHA L Vi=1. 0 pu.

P 3R 370 s R Ge R IO A R AR
PR S SR 2 B L T BT A 3 F S I L 1) 5
M), T T 2 T A 4 A B T 0 3 0 R I (R

T L3 TF BT, AR 1P 50 A s 2(PYV
WO BI R . TSP AT, A5 3 T
P HL R WRAELV,, R

Vo l=|(V, + V2] = Vycos(8,/2)  (11)

BT LAY 5 2 S, AT N 3 B R 2 i A
RS R

B7 3TRRSTEE

Fig. 7 Schematic diagram of a three-bus system

Z,=(R+jX)12 (12)
AR X 43 e i L BH AT BT
TR RN
S, =P, +j0, (13)

A P Q0 ) 7 53 B B T D R M
AR B AR T o B, 799 03 B H T AL

V.=V, -1,Z, (14)
Hp 37 S 3 AT LA
I, =S,V (15)

A S5V AR A3 B SR R A R A 2R
K= (11)—(13) R (15) 8 A (14) , B
Ti AR TV IR DT
vl =[] = (PR + Q) V[ +
SIR* + X?)/4 =0 (16)
AT R 3 A HL R (A -

V| = /(|Vu,!2—(P3R+ 0.X)+ D)2

(17)

D= //(|Vl,,|2 ~(P,R + ij))z - S (R + X?)

H: St = PY+ Q3 JFHIUC B, RGN FRASET
X, HF7), 0T LT RGEMR TR R S5
S FL R RS R (R R

PR BT, RO B BTREAR, AT S
FL S M (34 K, B0 fr 0 5 9 B A T S5 E T T Rk
A [FRE B S, 22 B /INR BT LR IR (1 A8 Ak B
AN A8 20T LUNERIE BBl 7F RS R 8 1T X
P, LA 5 AR R , 2R SIS 17 e 1) S F R A
TEPERL

W31 s R PV AN 8 i o BilAI %
Bk, S PR R AR PR At e, (R D A BR 20 1 B 1 B
WAL, KA FETS e HEFE AR M 3 91 S R
=R

http://www. cepc. com. cn



44 NI S

47 &

—— 60 Hz
1.0r —— 40 Hz
— 20Hz
\ —10Hz
09F \ 7 Hz
\ IR BRAL Ak $
2 o8}
fm
i \
5 070.995 o AN
09949}
06t E—
0.994 8} 3
_\.
0.994 7}
0.5F L
100.0 100.4

0 500 1000 1500 2000 2500 3000 3500 4000 4500
Y% PIMW

E8 IAMITERGFEPVHL

Fig. 8 PV curve of a three-bus ring system

3 INERMRIFPFTELHESH

TSR AP 2 RS RN 3T R RS, B2
BRMBLR G ARWGE A7 I, 5 285 i AR 5 AT 5o
PEs . (H Dy A BR A0 5 B[R] A2 Ak, AS F i aod %o Le
BAPL2 W ARG IR 35 KL AR R A 2, 23 M )
R FRAE S AR LA
3.1 BAFENEMRAKX

AR RAE R LA T I B i AR RE A BRI
TR D D)3 FRm A, e AR AE R
DR IR TG B, Sy 733 RS P AR e A
PRI 05 PG HER . iR FL NI 9 TR

Z,

]
L T

S 4 D i

B9 BAEFEREREE

Fig. 9 Schematic diagram of the Thevenin circuit

FERAE R L P R TR
[=V,/(Z,+Z)
Vo=1-7Z,+V, (18)
Z, =R, +jX,
X 2, R SRRV, R SR BT A L S R, X,
G3ARAEROR B S SRR L

TR S DN

S=P+jQ=V, -I"=V, -(V;-V:)Z, (19)
Ao "R
S (6 A3, A A O 1) 5 F W, A ] £
V, SEE B VA A 6, A
S =V, eV, |- VIR, + X, (R + X2) (20)
ISR 2 A7 D) DR R
P =[V,|V,|(R, cos6 - X, sin0) - VIR, /(R + X2)
(21)

HRGUIR ) A RS E R RN, A7
dP/dv, = 0 (22)
B X QODRAK(22) Al
1Z,|=[|Va| (R, cos® - X, sin6) - | Z,| /2R, ]/

[| Vol (Ry cos 6 + X, sin6)? /2R,J (23)

1 R 2 (23) i), A D) TGk B L
R W BRI A T D%
— AR A 03N, AT 2 (23) R fE o
|z, |=|Z,] (24)
DAL, YR A 0 88 /N Fe R e e W BIR B 9 A 2
ISR} W T LT DT e B ) e KT
XA
P=Re{V.I')=|V,/(Z,+ Z,)| Re(Z,} (25)
B QAR AF(25) , A 15 8 4k /e om0 A 1)
A R A
P, =(V,Pcosd)/[21Z, + 2(R, cosd + X, sinc) |
(26)
b WIRFES
2 (26) B e S i A i IR A =0, iz A XA
A S, RO R G0 RO 54w FL S, BT 3 X
(26) 15 2 HAT Dy D Za i bR .
3.2 HESSH
P TR BHL 2 5 A R G i R ALY A
VB9 0, s 19 s B VE PQ 1 A BUE=1. 0 puft
A (26) , R AL B, B2 ECh 1, 5545 PO 1y
T8 3 HE R R W IR S X 7 A T T R A B A
P, =1/(2/JR>+X?+2R) (27)
PR 35 R SR AKX (26), R itk 53
B, B3 RO 1, B34 799 05 3 18 2 H e e i IR e
XTI AT Dy Ly i B A
P, =[cos(8,2)] (VR +X* +R)  (28)
8, 2 T HL T Y PRI, A0 2 i IR AT, 4 4% FE 40 ik
INGT R 2 PV B R IRAEANAS , R H A D 1)
SRR K 6, B HE K, cos(8,/2)IF/ N o
XT EE PRI 2R G0 1) S8 A B D i FR A=, mT LA #r

http://www. cepc. com. cn



55

SRRV , 55 - 73 L AR G A R AR E R B 45

FRENERI 3745 i R G RATUAR P AR Z - BRAR B A2 1
MBI . XTI SRR, b, 2R
P PREREIE R X TR (28T H L 73 T8/, 73 Bkl
Il ), BEABAR AR , AR AT R P REAS SR Y

P, TS AR AR T, 36 9 345 s R e rp, PV Y
MBS PR G, S B R R B AR AL
P BEAE B AL

PG, X T4 7 s R 40, AR ha 17 i i 2
Ty B BR AT BE I AL T TS 47 o Pt R AR
FFTS B (A DD B RS T TR G I A—E R
AP BB AR 4 Foh 4

4 EHOI9H

4.1 B 2T RREANEBREBEITE
TEER 27 RS HL R P o M A LR i 25
T L2 7 1A A T AL, TR 2 Y 5 R G AR
IEAT I RS H PR RS T B D BRI T TS 1T
FRRER 3 s B A DDl PR A oA, vl A4S 2[R
FERIEEE ABER HOR e M. A= (27) 047
S I SR T AR, E 10 s .

—— MR AR AL

45} BRI
§ 40t
2 ;
= K
3 30} , /
= 4
= 39+
= 25¢
iw 37

35t .
201 15 20
15 ’ : y ! ¥
0 10 20 30 40 50 60
A HZ

E10 BHL27 = RGN EA T Th 2 A% R 2%
Fig. 10 Frequency-dependent active power limit curve for

a single-machine two-bus system

XFF L2 9T SR G, B AT D) DR FR A =X
THAZE R 5 3% S i s B A AR [R] A 2 o) a4k PR B
A BRI L LT, PR R 2E AR 11 R
4.2 IMMITREARSBNINERREEITE

TE3. 27 HES T 39 M RS A 3 R
A ol A BR A 22 (28) , PH7E T8 6 A R [ AR
TR 3 A DAk PR dne] AR 4, Horp TR (60 Hz) B, 45
FEHLHT R 0. 04 pu, BT 3R A, FLBTIB/IN , 8, FH IO
FERFLA P E A BB 12 7R . ZER T RAELS
B IE TR IFER 13 gy it 2 R T
iR 2E, DB uE A e

2.0445
2.044 0}
20435}
20430}
20425}
04020t

20415}

20410} V\/\J L

204050—5 20 30 40 350 60
SR fHz

E11 BY2TERFEANSEEHRERRE

Fig. 11 Formulas and continuation power flow method

1%

2

errors in a single-machine two-bus system

45
T £=10.000 000 Hz
4ol \ P=42.646 274 MW
! — AT BRI R AP o
§ : N EEROR P
< 35¢ " o HRAEM
g
@ 44t
= 300 451
“éﬂ- 42_
=
R 250 41}
& 40
20k 8 10 12 14 16
15 : : : : ;
0 10 20 30 40 50 60
W fHz,

12 IRM 3T R RGIRERF IR AR H 2%
Fig. 12 Frequency-dependent active power limit curve for

a three-bus ring system

0
-0.5}
~1.0}
-1.5¢

|
g
o

& 5]

WERI%

|
@
o

35+
-40}t
-45

0 10 20 30 40 30 60
W fIHz
13 FF3ITRRGELAXNGELPRERE
Fig. 13 Formulas and continuation power flow method

errors in a three-bus ring system

AT AR B BE AT R T R A TR AR R Y
K, ELH] 10 Hz B 35 2 5 K AH, 05 F T B, A3 D)%
W BRI/, PR, it 1] 4 BIE /R 9 3 75 A R 4, Bl A R
T BEAT T Ty AR BRI AN 2 B R R S S
Je U A 3R R R AR L B T R R B L BT
FIUE/IN A5 PV AT S AR F A S R R R, PV Y

http://www. cepc. com. cn



46 CERPANE -1

SN T AR A T o) SRR H R R — 2, R R KM
AT kT A IR SR AR SR AR B4 .

AR 02K 60 Hz i, 2R B HLHTR 0. 04 pu, R
G2k BN DR AR RS, PV AT S RN =577
W 20 Hz I, R EREL TN 0. 013 pu, REEIAF D54
BRI, PV S S BRI —14. 32° s 4538 7 Hz B, 26
BTN 0. 005 pu, RGEIK S TR A BRI, PV AT 5 )
FHFA RN H-28. 64°,

MG (28) Al %0, AR 5| K LBt AE Ak, AR AL )
A Y FA BRI, I 5 AR KNI B 355 A
i) E M bR, W5 35 A0 BAE e & 51 & A D) 2y 54k R

R AR AL
4.3 #EAXFFISEHSHBEEREERINEIKERE
o

FENTRSEMT , PV 1 AR AR S r b AR
FESRR i, P T DRl BRI AR R . 7T LAY
75 5 FhECH PQ AT S AR R G A S B %
P FRAE BRSO , FFTS F A e e e 5 o
BRI F TAHEF TR, FE2C 375 59985107
S FFTS i ELEE R0 E 14—16 s, il HES I .

——60 Hz
I ——40 Hz
H ———20Hz
\ —— 10 Hz
091 \ S Hz
\ o PRBE R
£ ‘
g 0.7f \\‘ ‘\\
]ﬁ ‘\\ \\\
2 06\ /
\ \ \
0.5r0.995 0r \
0.994 9
I | — Y
09947t , )
0.3F 50.0 50.5 51.0
0 500 1000 1500 2000

I FPIMW
14 HEXITERFPVHELZE

Fig. 14 PV curve of a three-bus series system

5 & it

A% SC NS H R R E PE LB TT , 9T FFTS i
AL R AR E R S A RS E . FTER I RS
AR TR B 2% 05, 24 G0 A 7K P 2 BB e
FETS {1 i i MR (T B L /N o X 3R fE R GEAL
FAE A7 X 6] A I AR 1707 0T 1 S L R
TR ML T Tt 17 3,

TED G BRIT 1T, A DI R BR R 1], R Ge4h
FESCHE , PR 3T ORGPV R S TR AR
WAFAERE G, ELREIR AR, A0 AR -5 s DU 22 A X A7

047 %
——— 60 Hz
L ——40 Hz
1.0 —— 20 Hz
—— 10 Hz
.91+ SHz
\ TR BRAR Tk 3
0.8F
= \
£
Z 0.7t
:_'Eig
= 0.6t
E] \
0.5F U.59r
0.4F 006k
0.3r 60 70 80 90 100
100 200 300 400 500 600 700 800 900
Y1 PIMW
E15 #XSTRREFZPVHL
Fig. 15 PV curve of a five-bus series system
—— 60 Hz
1.0 ——40 Hz
—— 20 Hz
—— 10 Hz
0.9+ 8 Hz o
05l PR AR 3
_ 0
£
@ 0.7}
‘HE_E
H 0.6F
=)
0.5F
0.4+
0.3F

100 150 100 250 300 350 400 450
I P/MW
El16 #X10THRFEPVHLE

Fig. 16 PV curve of a ten-bus series system

1Dy ZA R W) 2 DR ORI AR 21— o A
JEJa , DA BR B A AR A . i FaERCH PO
TR T A ) R GE, BER N B, PO 1Y kA T T
BRI SERLIRIN 3745 5 R G F R
BER G ERAETE , K, 7RIS FETS rh D 38 R
AR SR AL A B 15 D0 ke A

Ao S LR AR E PR A, A B E R S
SN, (A5 FETS # 285 R AR U P MR D) 5t
STy KA o a5 BSR4 2 R0 B |
WEOL, AT — 5l

F 25 )d 52 7 B ( Conflict of Interests) :

P A A P AN AR 7 th 5%

{£& STk 7 B ( Authors' Contributions) :

sV R H PS35I 5 ), SR AR
165 B TR KI5 Jr it GRS Ak s 2R
4 KBS 5RO ZisuE 54k &R AL IR

http://www. cepc. com. cn



%5

SRRV , 55 - 73 L AR G A R AR E R B 47

B By kA7 BE S 5 0 BB IE 5 T 55 I A 8 L

AL ICHE S PR TR IrAfEEY

-

BT R TSN

6

(1]

(2]

(3]

[10]

[12]

S ik

X, wEYL. BAE R WIS ROUCEREIN]. el R,
2024-09-19(16).

ORI RGBS S A . B ) RGR R %1
(M]. dbst: Iy, 2023: 1-14.

)T . IR R L BT RE IR A1 R AT Bl R A A
BT AL EBOL]. FRKAEIR R, (2024-08-07) [2025-09-26 .
https://www. ndre. gov. en/xxgk/jd/jd/202408/120240807_1392273.
html.
WANG X F, WANG X L. Feasibility study of fractional frequency
transmission system [J]. IEEE Transactions on Power Systems,
1996, 11(2): 962-967.

MENG Y Q, YAN S H, WU K, et al. Comparative economic
analysis of low frequency AC transmission system for the integration
of large offshore wind farms [J]. Renewable Energy, 2021, 179:
1955-1968.

GE J, YU H Y, ZHAO G L, et al. Research on low-frequency
offshore wind power transmission and frequency conversion
technology [ C1//2020 IEEE 4th Conference on Energy Internet and
Energy System Integration (EI2). IEEE, 2021: 464-468.

T, BAN, P, . BB ST 89 Sh AR
RGPS SA NIRRTk ). s R, 2025, 19
(12): 158-168, 178.
YUAN Ninggian, GUO Lingyu, JIA Feng, et al. Active power
control method for dynamic low-frequency wind power systems under
dispatch instructions considering active speed-up of turbine cluster
[J]. Southern Power System Technology, 2025, 19 (12) : 158-
168, 178.
WANG X F, CAO C J, ZHOU Z C. Experiment on fractional
frequency transmission system [J]. IEEE Transactions on Power
Systems, 2006, 21(1): 372-377.

T, EFHm, BAE. bt RG] PEERL
TS, 2012, 32(13): 1-6.
WANG Xifan, WANG Xiuli, TENG Yufei. Fractional frequency
transmission system and its applications [J]. Proceedings of the
CSEE, 2012, 32(13): 1-6.

W, EF, X004, 5. -0 A T BRI R O
W EER 2 E 2 HT (0], T R G A sk, 2019, 43(5) -
167-174.

HUANG Minghuang, WANG Xiuli,

LIU Shenquan, et al.

Technical and economic analysis on fractional frequency
transmission system for integration of long-distance offshore wind
farm [J]. Automation of Electric Power Systems, 2019, 43 (5):
167-174.

X PRI it i A B BB E 17 TR N/OL].
Z M i, 2023-08-08 [2025-09-18].
com/news/news-1156337-1. html.

FAPRE, BURGE, EF, 5. RGO IRELE RS AT Al e

https://www. chinaSe.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

PRI XA S 380k R (D], B 1 R e | Bk, 2025, 49
(17): 34-43.

CAI Zhongqi, WEI Chengxiao, WANG Xiuli, et al. Fractional
frequency transmission planning for offshore wind power
considering resonance stability and operation reliability of system
[J]. Automation of Electric Power Systems, 2025, 49 (17) :
34-43.

T, KT, BRI, A SET R SNIE T A IR AR L Y
T AR 2 B R DT ()] i RGO S
2025, 53(11): 95-104.

GAO Shuping, ZHOU Yongning,

method  for

et al.

WANG Chenqing,

Protection offshore  wind power low-frequency

transmission  lines based on differential  positive-sequence

component waveform similarity [J]. Power System Protection and

Control, 2025, 53(11): 95-104.

s, MR, KRBT, A I RSSO 1% 2R G e 2

SHTLT]. T HARZAAR, 2026, 41(5): 1637-1652.

GAO Chenjing, CHEN Wuhui, ZHANG Gengwu, et al. Fault ride-

through analysis of offshore wind power low-frequency transmission

system[J]. Transactions of China Electrotechnical Society, 2026,

41(5): 1637-1652.

DUAN 7Z Y, MENG Y Q, YAN S H, et al. Multi-objective

optimization and stable operation control strategy for fractional

frequency transmission system based on large signal stability

analysis[J]. IEEE Transactions on Sustainable Energy, 2024, 15

(3):2091-2102.

DUANZ Y, MENGY Q, WANG TY, et al. Large-signal stability

analysis using Takagi-Sugeno fuzzy model theory for fractional

frequency transmission system under grid faults [J]. IEEE

Transactions on Power Systems, 2024, 39(1): 2227-2238.

NGO T, NGUYEN Q, SANTOSO S. Voltage stability of low
[C]/2016 IEEE/PES

Transmission and Distribution Conference and Exposition (T&D).

IEEE, 2016: 1-5.

HATZIARGYRIOU N, MILANOVIC J, RAHMANN C, et al.

frequency AC  transmission  systems

Definition and classification of power system stability - revisited &
extended[J]. TEEE Transactions on Power Systems, 2021, 36(4):
3271-3281.

PRI, SRR, 22, 4. 1 DSSC &8 e U e X s
HURRGENE ML) ] F s, 2023, 44(10) : 33-40.

QIU Chenguang, ZHANG Zhenhua, LI Lanqing, et al. Static
voltage stability analysis of a power grid with new energy sources
considering DSSC [J]. Electric Power Construction, 2023, 44
(10): 33-40.

IVER, REL, 1706, 55 I RGELETENEME L5502
BEI]. PIEREAUT SRR, 2022, 42(21): 7796-7808.

SUN Huadong, XU Shiyun, XU Tao, et al. Research on definition
and classification of power system security and stability [J].
Proceedings of the CSEE, 2022, 42(21): 7796-7808.

SUN Y G, DING T, HAN O Z, et al. Static voltage stability
analysis based on multi-dimensional holomorphic embedding
method [J]. TEEE Transactions on Power Systems, 2023, 38(4):
3748-3759.

DB, XNEAE, Barse, 5 BndRshrh ) R A LR

http://www. cepc. com. cn



48

LN e

47 &

[27]

[29]

SEBHIEAGLT]. I, 2020, 41(1): 126-132.

LIANG Xiurui, LIU Daowei, YANG Hongying, et al. Data-driven
situation assessment of power system static voltage stability [J].
Electric Power Construction, 2020, 41(1): 126-132.

Wil . B RGE R IERE T IM]. JEat: B AL
2011.

TANG Yong. Voltage stability analysis of power system [M].
Beijing: Science Press, 2021.

XIFHE, 288, WIRAN, 45 . 5 RS % A SR sl i) 32
Ui WS AT M B TR D7 2 [J/0L ). WL R R, 20251 1-12.
(2025-09-19) [2025-09-26 . https://doi. org/10. 13336/j. 1003-
6520. hve. 20250825.

LIU Baozhu, LI Zekai, HU Junjie, et al. An operational adequacy
enhancement method for receiving-end grid considering static
voltage [JJOL]. High Voltage
Engineering, 2025: 1-12. (2025-09-19) [2025-09-26]. hitps://
doi. org/10. 13336/j. 1003-6520. hve. 20250825.

WANG TZ, WANG S S, MA S C, et al. An extended continuation

security boundary relaxation

power flow method for static voltage stability assessment of
renewable power generation-penetrated power systems [J]. IEEE
Transactions on Circuits and Systems II: Express Briefs, 2024, 71
(2): 892-896.

DOBSON I, LU L. Voltage collapse precipitated by the immediate
change in stability when generator reactive power limits are
encountered [ J]. TEEE Transactions on Circuits and Systems I:
Fundamental Theory and Applications, 1992, 39(9): 762-766.
SURESH A, HASAN M S, KAMALASADAN S, et al. A

distributed  energy  resources integrated transmission and
distribution  continuation power flow model with sequence
component approach [J]. ITEEE Transactions on Indusiry

Applications, 2025, 61(4): 5637-5648.

SREMG , EEAURE . AR E T BB S Rk )] IR
413k, 1999, 23(14): 13-16.

GUO Ruipeng, HAN Zhenxiang. An improved continuation power
flow method for voltage stability analysis[J]. Automation of Electric
Power Systems, 1999, 23(14): 13-16.

LUJ, LIU CW, THORP J S. New methods for computing a saddle-
node bifurcation point for voltage stability analysis [J]. IEEE
Transactions on Power Systems, 1995, 10(2): 978-989.

[30] HUANG R M, DU X Z, LAN L, et al. Static voltage stability
margin calculation and characteristics of very large urban power grid
[C]//2019 14th IEEE Conference on Industrial Electronics and
Applications (ICIEA). IEEE, 2019: 1493-1497.

[31] VLR, b, 20, 5. HF 43 B Copula bR = TR A 45

TR 2 BURMEARE AR T 5[], ik, 2018, 39(9) -
120-128.
JIANG Xuechen, YUAN Yue, WU Han, et al. Multistage
linearization probabilistic power flow calculation based on piecewise
copula model [J].
Construction, 2018, 39(9): 120-128.

[32] ZEARHC, HENA, GPRE, A5 . —RhBET U T XU I 0 A 5 A
ALY ], I, 2020, 41(4): 109-116.

LI Huaqu, XIAO Jinsong, SHU Zhan, et al. Point-estimation

and Gaussian mixture Electric  Power

based method for optimizing both location and capacity of grid-
connected wind farm [J]. Electric Power Construction, 2020, 41

(4): 109-116.

Y fE HEE: 2025-10-20 {&[E HHE: 2025-11-18
fEEE T

akifE % (1991) , 5 i Bl AR S
U SE A5 1, EEEWFET Iy R N R G AT
il 5 M7, E-mail : hizhangee@xjtu.edu.cn;;

Tl (2002) , 9w A, BB T
6 N ) R G L R RE P T 5
ol R4 (2002) 5 BTLBIIE A E BB

ity s T o S RT3 i 3 4 B A R AT

gl SMHL(1988) , L, Wi, TREI, FENFG T ) i ) Rk
i

BUREE(2001) , 2o, B AIFSE A, S BERIESE 7 1) R 40 S0 v R 5
I A A ) e M b

BN (2002), 55 H-0F90 A=, R BEWFGE T 10 28 ELIR R ) R 48

TAHW1961), 2, i+, Hpz WA S, F2HF58 5 10k g
RG] T B RGN

T FL(1936), B, #8714 T 00, B, B 517
RGN B R G R AT SR A e e Ty XA

(4 W X#)

http://www. cepc. com. cn



