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Tab.1 Critical load parameters of bus 14
with different ZIP components

PQ/ % 7/ % 1/ % k(t)/k(to)
100 0 0 5.3
50 25 25 7.3
25 75 0 12.1
0 50 50 0
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Fig.1 The Thevenin equivalent circuits of bus k
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Fig.2 Variations of VSI on different load static
characters of IEEE 14-bus system
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Tab.2 Different ZIP components

ks> PO/ %  Z/% 1/%  k(t)/ %
1 100 0 0 173
2 90 0 10 175
3 70 0 30 177
4 70 30 0 179
5 50 25 25 180
6 50 50 0 181
7 25 50 25 183
8 15 85 0 185
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Fig.3 Variations of VSI on different load static
characters of IEEE 30-bus system
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Tab.3 Different ZIP components

i PQ/%  Z/% 17%  k(t)/ %
1 60 40 0 207
2 60 20 20 194
3 60 0 40 183
4 80 20 0 169

M 3 () Hal AAE 5 18] 2 () S B« 15
TR ZR K e (0) 3 4 DR A 3k A ey | A7y A6 20 v S
Ty ARy 0f L R AR SR R K Bl S T R O
JIr o EE B B4 8 R, 1Y AR 30 Y HL S AR E i A I
I 1024 45 DA 58 B L B AR TR B s B0 T,
s R 3BT o BB AOR | R e AR E R bl e, AT L
FL IS 014 e 5 70 A ) 1Y R R AR E T

4 45t

AR SCHE T A R RS E FE bR B AT ik
B PR R PR A 2 B A [R) 7 e A AR ) R R
FEPER S AT M, IEEE 14 19 50F1 IEEE
30 19 A ECE T B B B TR T kAT DUAR A b
KRG ESBIEREKE, THTHNDREDN
FRAS L R RSUE PE A FE LR WAL il v IR & L BL A 3
TC Ty PR BsF 5 ok 1 A 2 M 2 AR SR B E — 20 5T 1Y
A

S E Mk

[1] NIZARES C A C,ALVARADO F L. Point of collapse and
continuation methods for large AC/DC systems[]J]. IEEE

Trans. on Power Systems,1993,8(1):1-38.

[2] AJJARPU V. Identification of steady state voltage stability
in power systems[]J]. Int. J. of Electric Power & Ener-
gy Systems, 1991, (11).43-46.

[3] van CUTSEM T. A method to compute reactive power mar-
gins with respect to voltage collapse[]J]. IEEE Trans.
on Power Systems,1991,6(1):145-156.

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

[5] PARKER C J,MORRISON I F,SUTANTO D. Application
of an optimization method for determining the reactive
margin from voltage collapse in reactive power planning
[J].IEEE Trans. on Power Systems,1996,11(3).1473
-1481.

[6] HAQUE M H. Use of V-I characteristic as a tool to as-
sess the static voltage stability limit of a power system
[J]. IEE Proc.-Gener. Transm. Distrib.,2004,151(1):
1-7.

[7] HAQUE M H. Novel method of assessing voltage stability
of a power system using stability boundary in P_Q plane
[J]. Electric Power Systems Research,2003,64(2).35-
40.

(8] & B2, Briik /Ll fms. iy R0l AR A R AR 2 B

TrkERIR[)]. BIMEEAR [1997,21(9):21-25.
YUAN Jun,DUAN Xian-zhong,HE Yang-zan. Summari-
zation of the sensitivity analysis method of voltage sta-
bility in power systems[J]. Power System Technology,
1997,21(9):21-25.

[9]LF A,SMED T,ANDERSON G,et al. Fast calculation of
a voltage stability index[J]. IEEE Trans.on Power Sys-
tems, 1992,7(1) ;54— 64.

[10] GAO B,MORSION G K. Voltage stability evaluation using
modal analysis[J]. IEEE Trans. on Power Systems,
1992,7(4):1529-1542.

[11] HAQUE M H. On-line monitoring of maximum permis-
sible loading of a power system within the voltage
stability limits[J]. IEE Proc.-Gener. Transm. Distrib.,
2003,150(1):107-112.

[12] PAL M K. Voltage stability conditions considering load
characteristics[J ]. IEEE Trans. on Power Systems,
1992,7(2):243-249.

[13] OVERBYE T J. Effects of load modeling on analysis of
power system voltage stability[J]. Int. Elect. Power E-
nergy Syst.,1994,16(5):329338.

[14] MILOSEVIC B,BEGOVIC M. Voltage-stability protection
and control using a wide-area network of phasor mea-
surements[J ]. IEEE Trans. on Power Systems,2003,18
(1):121-127.

(REHE. F7%)
(T4 % 31 W continued on page 31)



% 8 4 (0% ol AR G A TR R M M (—) 7]

On-line voltage stability monitoring for electric power system
Part 1:On-line voltage stability index considering
load static characteristics
FU Xu,WANG Xi-fan

(Department of Electric Power Engineering,Xi’an Jiaotong University,Xi’an 710049 ,China)
Abstract: Based on the load static characteristics and local measurements,a new index for on-line
static voltage stability analysis is proposed. The ZIP load model is introduced and the equivalent line
current is divided into real and imaginary parts based on Thevenin equivalent circuit. After
eliminating the active power and substituting the reactive power of ZIP load for the imaginary
part,a quadratic is obtained,which is processed by the root discriminant to deduce a voltage stability
index VSIQ. Similarly,eliminating the reactive power,VSIP is derived. The smaller of VSIQ and
VSIP becomes the bus voltage stability index VSI and the bus with the smallest VSI is the
weakest one of system. The proposed index is tested on IEEE 14-bus and IEEE 30- bus systems,
and the simulative results indicate that,the more the percentage of constant power is,the smaller
the VSI will be. When the percentage of constant power is identical,the more the percentage of
constant current is,the smaller the VSI will be.
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