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Fig.1 Connection diagram of interconnected
grid on observation section
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Fig.2 Equivalent circuit model of observation section
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Fig.3 Equivalent two-machine system
based on voltage reference bus
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Tab.1 Settings of multi-disturbance
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Fig.5 Change of system state variables
when single-disturbance happens
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under different operating modes

Pk —E L) 7%
s A B
K =AML AR
I i) 1~50 s 6~6.1s

[ A EF-B 500 kV TN ZH A%, $eshik &g 1
7N, FEAED R I R 2 B0 .Sy=100 MV - A, Uy =
500 kV.

—E M —E I K AR B F-B &
ML A 8 .9 FiR,

PR ARG A R R E R A 10 s,

-10.40

& -10.55

~10.70 . . . . )
0 10 20 30 40 50

t/s
B8 —EMHEEMLE F-BEHE
Fig.8 Transmission power of line F-B when
single-disturbance happens

t/s

9 “EMHEERLE F-B EHINE
Fig.9 Transmission power of line F-B when
dual-disturbance happens

i 50 .
:
# ,_\'/% 1 KAME A t=6s
B -50 = ! I
0 10 20 30 40 50
t/s

E10 edBERERELE

Fig.10 Stability margin increment in whole process

M BN AN L F-B L DR A% il
LR I AW Y S KRR L F-B &
AREEIR Y RGURER . NASE A R AT A
PRSI, Y r=6 s IF 395 BLE 1 UORAY (B AL,
Wi I IR 2R 8 AR R P e A T B | AT T T
KIBURHBL R, X5 SEPRh 6 s I B & AR = AR
B 3 — B DT 3 B AR G R AR R AW A Y

5 #it

ARSCER N TR RGEAE L BN T A —Ffo
P14 AE A 4% 17 90 4 b —— B 12t R OB R T 0 f
xR,

a. AH )28 B AP 8h & A T AN TR I 20 A 5

" R R — ARG HUARE B B O T R
ZIIFAR 58425 K A= Y 3 B9 I 20 % L E R R 4 8l Kk
AR N HCRG R A PR R T B U G I 2 4
I T35 SE PR DL AT S 1Y

b. AR P B % L T AN [ A i %) | e 3
FE AR L AT LA ph AR B R M A /MR
1) I 22 5 S A 7 E A B A B 220 AR [ O A Ak P A
H U IR IR S O

c. AEE bR RCRE A R B2 4 5 A SRS S I 1) 5l
SRR AT A R LR Gz sh A8 5 n] LIRS %
ARSI BTG LR SEBRH v DI ) BB 45 4 A
SRRt SURIL L RS I P RPN T L7 R s/
ATELNHRTETT

SETWk .

(1] BEERZE TR XM 55, BIFFE R B A 1o DX Il 18] 41 325 1)
FREA 2 BT 07 5 ()], AR | 2005,29(17) :35-39.

FAN Aijun,LEl Xianzhang,LIU Hongchao,et al. Eigenvalue
analysis methods for inter-area oscillations in large-scale
interconnected power systems[]J]. Power System Technology,
2005,29(17):35-39.

EPE U O BB AL ©9.17 PN B DG A H 90 % 5 1 07 ELE S
[J]. ®IEEA,2006,30(6):41-47.

LI Dan,SU Weimin,ZHANG Jing,et al. Simulation study on
west Inner Mongolia Power Grid oscillations occurred on
September 1st,2005[J]. Power System Technology,2006,30(6):
41-47.

HWISF AR, WA, A LR WAMS S5 I DA 59 9IR
frE[)]. B A, 2009,33(13) :64-69.

DONG Mingqi, YANG Dongjun, HUANG Yong,et al. Simulation
of regional low frequency oscillation based on data measured by
WAMS of Central China Power Grid[J]. Power System Technology,
2009,33(13) :64-69.

], 5 DX HL I AA % 35 (AL B 5 45 A 92 (D], s, iR
,2009.

XIANG Nong. Study on mechanism and control measurement of

—
NS}
[

(98]
[

S
=

low frequency oscillation in interregional power grid[D]. Wuhan,
China: Wuhan University,2009.

[5] EJEBE G C. On-line dynamic security assessment in an EMS
[J]. IEEE Computer Application in Power,1998,11(1):43-47.

[6] TAYLOR C W. The future in on-line security assessment and
wide-area stability control[C]//IEEE Power Engineering Society
Winter Meeting. Singapore: [s.n.],2000:78-83.

(7] #E/NE. I RGEARBIR G TE L TUE R WS [D]. RE L
L3 K% ,2005.
CUI Xiaolei. Research of on-line early-warning system on low-
frequency oscillation in power system[D]. Baoding:North China
Electric Power University,2005.

(8] LBl = F ML AR AR 2 T R B R R e T 22 []). = Fl
HL 1 HAR 1 2009,37(2) :20-22.
WANG Kai. Construction blue print for low frequency oscillation
pre-warning and assistant decision system in Yunnan province
[J]. Yunnan Electric Power,2009,37(2):20-22.

(9] i LIE B 9h K E5%. 8B REMII 540 (M), dt



@ & D8 B Wi S

8335

AR R A A 2002 :344-351.

[10] X2 JE#. B REESRENRREREBUIT(M]. 1iE. I
T S0 R AL 1996.

[11] PRABHA K. Power system stability and control[M]. New York,

DENG Jixiang,TU Jin,CHEN Wuhui. Identification of critical
low frequency oscillation mode in large disturbances[]J]. Power
System Technology,2007,31(7):36-41.

[16] BRth. i Rge/h TR e SnEH (7). B Ak &,

USA :McGraw-Hill Inc,1994.

[12] =% XU sk, A5, By e P o 85 DX o R A3 40 3 1 5%
M AEFE[J]. HL T H3h ki 4% ,2009,29(8) :41-45.
YUN Lei,LIU Dichen,ZHANG Lin,et al. Influence of load

characteristics on low frequency oscillation in cross-regional

2012,32(3):42-46.
CHEN Zhong. Real-time stability control of power system with
small disturbance[J]. Electric Power Automation Equipment,

2012,32(3) :42-46.

power grid[J]. Electric Power Automation Equipment,2009,29
(8).41-45. EE R,

(I AR ) 3 BT M. RO, S B 2 i B & a(1982-), % SHA LA MEFLAE FEF G
#,2002:13-14. AN ARBERT EATE 424 (E-mail ; gongxuan19831117@
22 BOHE ST B, H ) AR S A 3 I I ) R R B ()], 163.com) :
EE)Jﬁ?iﬂﬂﬂxﬁr,ZO'OQ,Z%lZ);10T1'4. . Mk (1953-), B Al i A Hdt W AT A U5
PAN Xueping,AO Xiong,ZHANG Liqin. Fast assessment of power . . R . . .
R @A BFHBEIRBER b RERE SR L w

FHAERE,

F A (1988-), 5 HMAEFBA L AT EAAEL SN
BAAERE GEAT D H RS A A

[13

[

[14

[

system critical oscillation interface[J]. Electric Power Automa-
tion Equipment,2009,29(12):10-14.

[15] MBEEFE Wik BRECIE, KT 32 SRR o B Ui S0 [T ).
AL AR ,2007,31(7) :36-41.

Early warning indicator of low frequency oscillation based on energy function
GONG Xuan,LIU Dichen,DONG Chao,LIAO Qingfen, WANG Bo,HONG Min

(School of Electrical Engineering, Wuhan University, Wuhan 430072, China)
Abstract: The practical analysis model of sectional power flow is proposed to realize the dispersive and
decoupling analysis of whole power network. The observation sections of power network are properly selected
and the power flow analysis is carried out for each observation section. The traditional energy function
based on inertia centre is simplified and the stability margin increment indicator,instead of the traditional
stability margin indicator,is proposed which,based on the tie-line observational section of power system,can
be easily calculated and used as the seriousness criterion of disturbance and the early warning of low
frequency oscillation under multi-disturbance. Its validation is verified by the simulations for New England
10-machine system and actual system.
Key words: electric power systems; low frequency oscillation; multi-disturbance; energy function; early
warning indicator; stability margin increment; stability
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Indirect,adaptive ,fuzzy and distributed H.. control

for multi-machine power system
WU Zhonggiang, SONG Minghou,FU Liyuan
(Key Lab of Industrial Computer Control Engineering of Hebei Province,
Yanshan University, Qinhuangdao 066004, China)

Abstract: Based on the multi-machine excitation control model and the multi-variable,strong-coupling and
nonlinear system characteristics,an indirect,adaptive,fuzzy and distributed H. tracking control scheme is
proposed based on the fuzzy approximating,which constructs the fuzzy adaptive system to approximate the
unknown function and designs the H. compensator to eliminate the external disturbance and the error of
fuzzy approximating. The stable control of multi-machine power system is thus realized with H. property.
Simulative results show that,the operational angle of generator rotor tends to a stable value and both the
relative angular velocity and the tracking error tend to zero when three-phase recoverable or unrecoverable
faults occurs in multi-machine power system. Compared with PSS scheme,the proposed scheme has shorter
settling time and smaller overshoot.
Key words: electric power systems; adaptive control; fuzzy logic system; fuzzy control; stability; error

analysis



