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Abstract

This paper develops a thod for relisbly estimating an
UEP(Unstable Equilibsium Point) which is located in the direction of
SEP(Stable Equilibrium Point)’s moving as system load is getting heavy.
As power systems are getting loaded heavily, the SEP which is an
operable solution, and the UEP which is occurring voltage collapse, are
moving toward each other linearly. The estimated UEP is used as a good
initial guess for the real UEP. The proposed method is tested by 3 bus
system and Stagg 5 bus system, It is demonstrated that the proposed
method is very useful for assessing system voltage stability in the case of
heavy loaded power system. The result solutions are often used in
conjunction with energy methods and the stability margin.
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Table 3.1 SEP, UEP Data according to the load change
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1.00 -0.0518 .0.1428 1.0332 09596 | -0.0607 -D.B451 0.5588 0.1959

1.30 -0.0988 02099 09054 0.9089 3 .
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Table 3.3 Load flow results when X ,f,'p is given as an initial point

3.2Stagg5 24 Ag 2 2%

Staqq 5Bus System

Lake

North

©1.M.0
T

PL+QL=0.4+j0.05
PL+JQL=0.45+}0.15

.08
¥120.03

10.12

y/2=0.015 PL4QL=0.6+j0.1
Pg+jQg=0.4+0.3 Eim
PLHOL=0.240.1
South
a3 32Stagg5 2H ASE
Fig. 3.2 Stagg 5 Bus System
2% 329 AF AT 273 ANG PHE A g
Gid 2 AAE AU 31 "M Pol & rAe Rat
T 493 vg2 F/HAZAG 4 2Ete Fole] we AN
Yde H349 B K=2994 w& AL A o 23
@ gejolch

H 34 %3l Z7lo & Stagg5 2 AAHYA
Table 3.4 SEP's of Stagg 5 Bus System with increasing K

Stable Equilibrium Point
K v2 v3 v4 v5 g 6, 6 o

1.000
1.600
2.000
2.400
2.800
2.800
2.900
2.940
2.960
2.980
2,984
2.986
2988
2.989
2.990

1.0320
1.0030
09775
0.9433
0.9204
0.8889
0.8654
0.8520
0.8430
0.8290
0.8258
0.8233

1.0110
0.9722
0.9384
0.8934
0.8632
0.8218
0.7908
0.7731
0.7613
0.7427
0.7386
0.7352

0.8200 0.7308
0.8176 0.7277
0.8128 0.7213

1.0117
09723
0.9379
0.8921
0.8614
0.8190
0.7873
0.7691
0.7570
0.7379
0.7338
0.7301
0.7256
0.7224
0.7157

1.0072
0.9641
0.9262
0.8753
0.8408
0.7928
0.7564
0.7352
0.7209
0.6983
0.6932
0.6890
0.6835
0.6796
0.6716

-0.1126
-0.1567
-0.1888
-0.2260
-0.2458
-0.2703
-0.2859
-0.2938
-0.2986
-0.3055
-0.3070
-0.3081
-0.3095
-0.3105
-0.3125

-0.1917
-0.2651
-0.3212
-0.3877
-0.4284
-0.4801
-0.5160
-0.5356
-0.5482
-0.5675
0.5717
-0.5751
-0.5794
-0.5825
-0.5888

-0.2037
-0.2823
-0.3427
-0.4148
-0.4593
-0.5163
-0.5562
-0.5782
-0.5925
0.6144
-0.6192
-0.6231
-0.6281
-0.6317
-0.6389

-0.2358
-0.3287
-0.4010
-0.4893
-0.5451
-0.6185
-0.6719
-0.7022
-0.7223
-0.7638
-0.7608
-0.7666
0.7741
-0.7794
-0.7903
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02 93 V2 V3 P . estimated

o G o8T Do G55 T Estimated Unstable Equilibrium Point( X2, )

1.30 -0.1485 -0.7985 0.5898 0.2699 N

1.40 04738 07794 06033  0.2078 K vz v va v5 02 03 6, 05

150 0198 07579 08185 03281 1.000 1.0320 1.0110 1.0117 0.0001 -0.1126 -0.1917 -0.2037 -2.5634

160 02175 07333 06360 0.3814 1.600 1.0030 0.9722 0.9723 0.0001 -0.1567 -0.2652 -0.2823 -2.2640

170 02353 07041 06568  0.3992 2000 09775 0.9384 0.9379 0.0106 -0.1888 -0.3218 -0.3427 -2.0718

178 02420 06871 06690  0.4206 2400 0.9433 08934 0.8921 0.1044 02250 -0.3877 -0.4148 -1.7675

180 02484 -06679 06829  0.4444 2600 09204 08632 0.8614 0.1997 -0.2458 -0.4284 -0.4593 -1.5555

::: ::x :::: ::‘7’:: :;7,;: 2600 08839 08218 0.8190 0.3457 -0.2703 -0.4801 -0.5163 -1.2846

os 02565 05T 07513 05850 2900 0.8654 07909 0.7874 0.4552 -0.2853 -0.5160 -0.5562 -1.1056

190 07548 05367 07617  0SM2 2940 08520 07731 0.7691 05152 -0.2938 -0.5356 -0.5782 -1.0137

7 02488 0539 07817 06018 2980 0.8290 0.7427 07379 06100 -0.3055 -0.5675 -0.6144 -0.8758

1.9708 02478 05212 07888 0612 2984 08259 0.7386 0.7338 06221 -0.3070 -0.5717 -0.6192 -0.8588

29708 0.24087%:50, 52000 07 DAPRIO DO 2986 06233 0.7352 07301 0.6319 -0.3081 05751 -0.6231 -0.8450
2988 0.8200 0.7308 0.7256 0.6449 -0.3096 -0.5785 -0.6281 -0.8270
2889 08176 07277 0.7224 06502 -0.3105 -0.5825 -0.6317 -0.8196
2000 08128 0.7213 0.7157 0.6671 -0.3125 -0.5888 -0.6389 -0.7965
2990 08123 07207 0.7151 06689 -0.3127 -0.5894 -0.6396 -0.7940
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Table3.6 Load flow results with initial value, X:::,’”'""’

Xgumaed g 27\ 2 #g W 2HAY Azt

K v2 v3 v v5 6, 6, 6, g

1.000 06719 0.5915 0.5469 0.1692 -0.1627 -0.3838 -04356 -1.3777
1.800 0.6623 0.5591 0.5239 02443 -0.2277 -0.5303 -0.6013 -1.3320
2000 06628 05432 0.5164 0.3128 -0.2717 -0.6267 -0.7073 -1.2621
2400 0.6817 05542 0.5361 04040 -0.3087 -0.6866 -0.7671 -1.1486
2600 0.7019 05770 0.5629 04597 -0.3212 -0.6913 -0.7668 -1.0726
2.800 0.7332 0.6165 06059 0.5284 -0.3278 -0.6743 -0.7421 -0.9816
2.900 07573 06480 0.6393 0.5748 -0.3270 -0.6527 0.7147 -0.9200
2940 0.7711 06662 0.6584 0.6000 -0.3248 -0.6383 -0.6971 -0.8866
2,960 0.7803 0.6783 06711 0.6162 -0.3229 -0.6281 -0.6850 -0.8850
2980 0.7945 06971 0.6907 0.6409 -0.3189 -0.6115 -0.6653 -0.8318

2.984 0.7977 07013 0.6951 06463 -0.3179 -0.6076 -0.6608 -0.8247 |.

2986 0.8003 0.7047 0.6986 0.6507 -0.3171 -0.6045 -0.6571 -0.8187
2988 0.8036 07092 0.7032 0.6563 -0.3159 -0.6003 -0.6523 -0.8111
2.989 0.8060 0.7123 0.7064 0.6603 -0.3151 -0.5074 -0.6488 -0.8057
2990 0.8108 07187 0.7131 06684 -0.3132 -0.5912 -0.8417 -0.7947

Aol 35 H36% vas & o) FRa JedMs 324
@t AA g Alele] iy} MR Fdx Bystn dAge
2 3 #3899 2% ¢ 5 Ao, ot ug Fu Uk 2
et AT aen ANE FeiedA AURE HAY, 2/A
A Azl gAY F et AMMAL 4 PPE WHdn
A AR Mg P e RAYF dYE I A
e 4 Adokn #o

Agel F5a ez dolgol wa} vy F%F 34 g
€ 2% F UANZ, of FARET 2FALY XA 4R
W A EhAHYc 3 IS FUsdd. ey
B wFdA AAg e ol A4 PRI 8 7EHE
FHal Al gl Nat Ftel g AGEAAE d5sa A
e HE fsls UEP Y ASAHY B3 £ AAE AF 4
of f S (stability margin) A+&o] Eftdez H4g 4 qicka £
t}.

4 48

2 =BoaE Rl 371 Hdg neisid Ag 4= A
A fMYgaA FAVE H3 Qe BgA HEEs ds AE:
daelze MR Fake Fr Ade] wg AAFYA
(SEP)e] olF o} A= shtel BAAYYH(UEP)E Tile
WgozA, o8 324 A% U Stagg 5 2N A% Bgao
P8P AR S(stability margin)7t RAEA aTEHE A%
Z88 A g EEHoE #$89 & UL BAY BEUARY
YAVEP)S FAstEd o AUARSTE ol §aien AA
o HE 8 olgdte AYAAE slae] 4F Bt

B =2odAle g 2& 7t gueg nddey o
o2 g 2 27 Auaed @ Hgol FH gelol T
Holn R ASd A4 2 Roh Y BAAYHH
Fg Fale A7 Hupelo & ol

3

=

3 2 & @

1. T.J.Overbye, C.L.DeMarco,"iImproved Techniques for Power
System voltage Stability Assessment Using Energy Methods®,
|EEE Trans. On Power Systems, Vol. 6, no. 4, pp. 1446~1452,
November 1991.

2. DeMarco, T.J. Overbye, “An Energy Based Security Measure
for Assessing Vulnerability to Voltage Collapse® |EEE Trans.
On Power System, Vol. 5, No. 2, pp. 419~427, May 1990

3. Overbye, R.P. Klump, “Effective calculation of power system
low-voltage solutions™,

4. |EEE Trans. On Power Systems,pp. 75-82, vol. 11, No. 1, Feb.
1996.

5. Iwamoto and Y. Tamura, “A load flow calculation method for ifl-
conditioned power systems”IEEE Trans. Power App. And
Sys., vol. PAS-100, pp. 1736-1743, April 1981.

6. 49,3 W 9, HFAFY FEIY IFE HHHF 2
24)), &% e, 1994

7. B, Hy HPE WY o) Ee FYYH AFE AE HF
Adoisti A7l Tt ofatd wALES} =&, Feb. 1995.

8. Tamura, H. Mori and S. Iwamoto, “Relationship Between
Voltage Instability and Multiple Load Flow Solutions in Electric
Power Systems,” IEEE Trans. On PAS., Vol. PAS-102, No. 5,
May 1983,

9. Tamura, K. Sakamoto and Y. Tayama, "Current issues in the
Analysis of Voitage Instability Phenomena, * Proc. On bulk
Power system Voitage Phenomena, Missouri, Sept. 1988.

— 83 —



