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Tabh 1 Resaultsof cost =Q 9 (lagged)
Py B, B, B
16
18 18559 11775 6 4159
19 1 648 8 13398 6 3436
20 1392 16201 61541
2 23
Tah 2 Reaultsof Load 2 and 3 variations
P, Q2 P3 Qs B, B, B
20 10 37 13
20 10 40 13 09994 10003 70601
22 10 40 13 1 007 4 1 006 2 8 376 7
22 10 44 13 0991 10004 34469
24 10 46 13 10056 10033 41282
* 24 10 46 13 15741 10055 46374
3 cost =0 9( )
Tah 3 Realtsof cos? =0 9 (lagged)
P, Vv, 3, Ry X4 |zl ky
16 08690 -47437
18 0841 -85152 -Q00029 01785 Q1786 18559
19 Q7779 -1082 Q0030 Q1738 01738 16488
20 Q7277 -13726 Q0099 Q1704 Q1707 13962
206 Q6762 -16462 Q0181 Q1673 Q1683 11870
208 06280 -18795 Q0330 Q01641 Q1774 10122
4 ost=10
Tah 4 Realtsof cos? =1 0
Py Vi 5, Ry Xa | Zy| Ky
16 10324 -45871
18 10184 -73800 -Q00184 Q227 Q2235 25775
20 10021 -10289 -Q0192 Q2166 02174 23085
22 09829 -13357 -Q0192 02102 Q2111 2 080
26 09319 -20261 -Q0175 01998 Q2006 16656
30 08423 -29730 -Q0093 01841 Q1843 12833
308 Q8085 -32710 Q0016 Q1744 Q1744 12169
314 Q7629 -3632 00096 01701 Q1704 1 0880
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5 cost =0 9( )
Tah 5 Reaultsof cost =1 0(ahead)
P, vy 3, Ry X4 | z,l ke
16 11513 -50888
20 11553 -10235 Q0058 Q2529 Q2530 23744
24 11546 -15498 Q0211 Q1697 Q1710 26900
32 11359 -2684 -00548 Q02677 Q2732 13280
36 11420 -33377 -Q0165 Q2167 Q2173 14281
40 10773 -41171 -QO0170 Q2043 Q2050 12741
44 09964 -520980 -Q0118 Q01879 Q1883 10787
449 Q9275 -60355 Q0012 Q1743 Q1743 09394
7
IEEE - 10 39 7]
2 (7)
k
32 : 8(
8 k
’
k
ik 11
1
1
0% 1
2 8 k
Fig 2 Curvesof k of node 8
5

(2]

(3]

[4]

(7]

, , , ‘8 14”7

[J]. , 2003, 27
(10): 811
Y N Yong-hua, QJO Jian-bo, ZHAO Jian-jun, et al Pre-
liminary A nalysis of L arge Scale B lackout in Interconnec-
ted North America Pover Grid on August 14 and L esons
o Be Dravn[J]. Power Systan Technology, 2003, 27
(10): 8-11

[J]. , 2003, 27(9) : 72-76

HU Xue-hao Rethinking and Enlighterment of L arge

Soope B lackout in Interconnected North America Power

Grid[ J]. Power Systan Technology, 2003, 27 (9) : 72-76

— "84

[J]. ,2003,27(10) : 1-

7

ZHAO Xi-zheng Strengthen Power Systan Security © En-

aure Reliable Delivery [ J]. Power Systen Technology,

2003, 27(10) : 1-7.

[J]. , 2003,27(5): 35-37.

L U Peng, WU Gang Analysis of Two Typical Voltage

Collgpse IncidentsWorldwvide[ J]. Powver System Technol-

ogy, 2003, 27 (5) : 35-37.

: [J]. :

2003,27(11): 15

TANGBao-sheng Blackout in South of London and Its

Lesons] J]. Power Systean Technology, 2003, 27 (11) : 1-

5

Taylor CW. Powver Systan Voltage Stability[M ]. New

York: M cGraw-Hill, Inc, 1994

[M]. : , 2004

ZHOU Shuang-xi, ZHU L ing-zhi, QJO Xi-jiu, et al Pow-

er Systan Voltage Stability and Its Control[M ]. Beijing

China Electric Powver Press, 2004

[J]. , 2002, 34
(2): 225-227, 231

LU Bao-chun,WAN G Cheng-shan, QJO Zhi-zhong, et al

Judgement of Static Voltage Stability in Power Systan
[J]. Joumal of Harbin Institute of Technology, 2002, 34
(2):225-227,231



28

[9] . [J]. WANG Yi,L U Zhua Tracking and Estimation of System
, 2000, 20 (4) : 35-39 Paraneter U sing Thevenin’s Equivalent[ J]. Power Sys
LU Zhua The mpedance Analysisof Heavy Load Node tem Technology, 2000, 24 (11) : 28-30
in Voltage Stability Studies[J]. Proceedings of the [16] PhadkeA G Synchronized PhaorM easurements in Pow-
CSEE, 2000, 20(4) : 35-39 er Systans[ J]. IEEE Camputer Applications in Power,
[10] . [J] 1993, (6) : 10-15
,1999, 19(11) : 64-68 [17] Workshop ReportsonW ide A reaM easurements[A . In-
L U Zhua Voltage Stability Evaluation Based on Node ternational Conference on Power Systan and Canmunica
Load mpedance Analysis[J]. Proceedings of the CSEE, tion Systens Infrastructures for the Future Beijing
1999, 19(11) : 64-68 2002 23-27.

[11] Vu K,BegovicM M,Now<ID, etal UsofLocalMeas [18] , .
uraments to Estimate Voltage-Stability Margin[ J]. |EEE [J]. ,1993, 13(6) : 40-45
Transon Pover Systams, 1999, 14 (3) : 1029-1035 ZHANG Yao, SONGW en-nan Detemination of the Criti-

[12] JulianD E, SchulzR P,Vu K T, et al. Quantifying Prox- cal State of Voltage Stability inLoad Buses and theW ear
mity 1o Voltage Collgpse Using tthe Voltage Instability kest Bus of the Power System [ J]. Proceedings of the
Predictor(V IP) [A]. Power Engineering Society Summer CSEE, 1993, 13(6) : 40-45
M eeting, IEEE 2000 931-936 [19] , .

[13] QuaintanceW H,Uhlen K, JulianD E, et al Raising En- [J] ,1997,17(3) : 152-156
ergy Trander in Corridors Constrained by Voltage Insta- FENG Zhi-hong, ZHOU Shuang-xi Detemination of Volt-
bility-Statnett Case[ A ]. Power Engineering Society Sum- age Collgpse Areas in Large Scale Power Systen [J].
merM eeting, IEEE: 2000 2021-2026 Proceedings of the CSEE, 1997, 17 (3) : 152-156

[14] , : :

[J]. , 2002, 22 : 2005-12-16; : 2006-02-10
(2):16-20 ,
WANG Zhi-ming, WANG Yi, XU Jing-you, et al Predic- (1969-) ,
tion of Thevenin’s Equivalent Paraneters on Electrical : Email: dddzm @163 cam
Pover Nework Side for the Muster of Key Load Nodes (1961-), , , , ,

[J]. Proceedingsof the CSEE, 2002, 22 (2) : 16-2Q
[15] ..
[J]. , 2000, 24 (11) : 28-3Q

On-lne asessnent of voltage stability of power systan based on wide-area measurenent system

DUAN Jun-dong , QJO Zhi-zhong"*
(1 Deptof Electrical Engineering, Harbin Institute of Technology, Harbin 150001, Ching;
2 XJ Electric Pover Research Institute, Beijing 100085, China )

Abstract:  The development and gpplications of wide-areameasurement systan (WAM S) established the foundation of on-line assess
ment of woltage stability in large-scale pover system  The newvork equivalent impedance (NEI) estimation of using local woltage and
current increment is discussed, and the estmation inaccuracy of using data of SCADE/BM S is indicated The improvement and indices
of wltage stability are proposed using the nodal wltage and load current vector'smeasuranent UsingWAM S, themethod can indirectly
Dlve the divergence problen caused by the Jacobian matrix singularity of load flov at the critical state And it awids the limitations of
the conventional methods in on-line gpplications such as the large-scale power systam, the nonlinear model inaccuracy, slov updating
of large anount of data Simulation results show that the proposed method can make an accurate estmation of NEI, and it is gpplicable
0 on-line asessnent of the node static wltage stability

Key words power systam;  impedance module criteri;  woltage stability; nework equivalent impedance (NEI); wide-area
measurement system (WAM S)



