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Static Voltage Stability Analysis using Reactive Power Loss Sensitivity
Weon-Kyum Kim, Lee Bok-Yong Lee Sang-Cheol
DONGSEOQOUL COLLEGE

Abstract-In recent years, much attention has
been paid to the voltage collapse phenomena.
There has been reported many cases about the
voltage collapse in many countries. These
voltage collapse phenomena are known as the
event that can occur due to reactive power
deficits. This paper proposes an efficient method
that can pursue the reactive power loss changes
and gives the simple voltage collapse proximity
indicator (VCPI)} based on the reactive power loss
sensitivities using optimal techniques.

By comparing reactive power loss sensitivity
with active power loss sensitivity, it is also
proved that VCPI based on reactive power loss
sensitivities is more effective.

The developed VCPI is derived from the
Jacobian matrix of Load Flow and the
computational burden is very low and on-line
implementation is possible. The proposed method
is applied to a IEEE-14 bus test system and
reliable and promising results are obtained.
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Tablel 14 Bus input data
E{E 24 &7 M et a2t £ st
HS
1 SN 1.0600 | 0.0000 | 0.0000+0.0000
2 | 9URIZI2M | 1.0450 | 0.0000 | 0.2170+j0.1270
3 | L™Z[2M4 | 1.0100 | 0.0000 | 0.9420+j0.1900
4 BataM 1.0000 | 0.0000 0.4780-j0.0390
5 B5tzM 1.0000 | 0.0000 { 0.0760+j0.0160
6 | L&X7[2M | 1.0700 | 0.0000 | 0.1120+j0.0750
7 2ot M 1.0000 | 0.0000 | 0.0000+j0.0000
8 | U™7[2M | 1.0900 | 0.0000 | 0.0000+j0.0000
9 BHate M 1.0000 | 0.0000 | 0.2950+0.1660
10| B32M 1.0000 0.0000 | 0.0900+j0.0580
11 2ot 1.0000 | 0.0000 | 0.0350+j0.0180
12| BEs5t2M 1.0000 | 0.0000 | 0.0610+j0.0160
13| Bsateu 1.0000 | 0.0000. | 0.1350+j0.0580
14| Hot2M 1.0000 | 0.0000 | 0.1490+j0.0500
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Table 2 Line input data of 14 bus
ﬂ? from to oy TR A Half Ii‘ne
k=3 24 24 Charging
1 1 2 0.0194+i0.0592| i0.0264
2 1 5 0.0540+i0.2230] i0.0246
3 2 3 0.0470+i0.1980| i0.0219
4 2 4 0.0581+i0.1763] j0.0187
5 2 5 0.0570+i0.1739| i0.0170
6 3 4 0.0670+i0.1710| i0.0173
7 4 5 0.0134+i0.0421| i0.0064
8 4 7 0.0000-+i0.2091 - j0.0000
9 4 9 0.0000+i0.5562| j0.0000
10 5 6 0.0000+)0.2520] i0.0000
1M 6 11 0.0950+i0.1989( . i0.0000
12 6 12 0.1229+(0.2558] i0.0000
13 6 13 0.0662+i0.1303} i0.0000
14 7 8 0.0000+0.1762 i0.0000
15 7 9 0.0000+i0.1100] i0.0000
16 9 10 0.0318+i0.0845| i0.0000
17 9 14 0.1271+i0.2704] i0.0000
18 10 11 0.0820+i0.1921] i0.0000
19 12 13 0.2209+i0.1999| i0.0000
20 13 14 0.1709+i0.3480 i0.0000
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Table 3 Load flow Result of 14 bus system
Pa Po Qo Qo
No | Il V(p.uo @ vw) | tMwi | tMvaR) | tmvaR)
111 1.0600] 0.0000| 2.3247| 0.0000| -0.15687| 0.0000
212 1.0450( -0.0870| 0.4001]| 0.2170| 0.4571| 0.1270
3|2 1.0100( -0.2222| 0.0001] 0.9420| 0.2544| 0.1900
4125 10152 -0.1792| 0.0002|{ 0.4780| 0.0004]| -0.0390
512 1.0180| -0.1531| 0.0002] 0.0760| 0.0007| 0.0160
6|2 1.0700) -0.2516} 0.0001| 0.1120] 0.2104] 0.0750
7 1% 1.0607-0.2314] 0.000t| 0.0000} 0.0003{ -0.0000
8| ¢Cl 1.0895(-0.2314| 0.0000| 0.0000{ 0.2400} 0.0000
9| % 1.0342( -0.2590| -0.0003]| 0.2950| 0.0001| 0.1660
10| ¢ 1.0330| -0.2626| 0.0000{ 0.0800| 0.0000| 0.0580
11418 1.0477 ] -0.2592] 0.0001] 0.0350| 0.0001| 0.0180
12 | ¢ 1.0636| -0.2664; 0.0000| 0.0610| 0.0000f 0.0160
131 ¢ 1.0472} -0.2671| 0.000t| 0.1350| 0.0001| 0.0580
141 ¢ 1.0216] -0.2804] 0.0000; 0.1490| 0.0000] 0.0500
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Table 4 Voltage collapse proximity index
using active power loss sensitivity

APloss A-Plos: vV PG PD QG QD

AP 201 P9 ou) | Gud | Gu) | ()
13.6419116.2858 | 0.5624| 0.0000 [0.3820 ] 0.0000 1 0.3250

9.9936 16.6409| 0.5817 0.0000 | 0.2307 |0.0000 |0.3776
9.8649 10.0164| 0.5548-0.0002 | 0.7563 | 0.0002 |1.0807
5.8971 | 6.3331 | 0.8002 0.0001 |0.0897 | 0.0001 [0.1172
4.7828 111.7035| 0.6770 0.0001 | 0.0000 |0.0003 | 0.0000
4.7829 110.0027| 0.7345 0.0000 | 0.0000 | 0.2400 | 0.0000
4.6806 | 2.7211 1 0.8953 0.0000 |0.3461 |0.0001 |0.3776
3.6319 1 1.3914 0.9599| 0.0000 |0.1564 |0.0000 [0.1042
2.8778,0.0000{ 1.0700] 0.0002 |0.2871 |4.0648 |0.4883
1.9853|2.9105 ] 0.8554| 0.0001 | 1.2255 | 0.0004 +0.25639
1.4831]1.9368 ] 0.8787| 0.0002 |0.1948 | 0.0007 |0.1042
0.8765|0.0000 | 1.0100] 0.0001 |2.4150 | 3.1352 |1.2369
0.0880 | 0.0000 | 1.0450] 4.4501 | 0.5563 | 2.7788 |0.8268
0.000010.0000 1 1.0600{ 3.6142 {0.0000 |0.4242 |0 0000
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Table 5 Voltage collapse proximity index
using reactive power loss sensitivity

AQIOSS AQIOS: \ PG PD QG QD

AP | AQ| P wuw | wuw | Gpuw) | (pu)
40.6905 |47.2319] 0.6624] 0.0000] 0.3820] 0.0000] 0.3250
30.0225|48.2219) 0.56817| 0.0000] 0.2307| 0.0000| 0.3776
20.4954 |54.8306| 0.5548| -0.0002| 0.7563| 0.0002] 1.0807
18.2622 |18.4265| 0.8002| 0.00071| 0.0897| 0.0001| 0.1172
14.8074] 7.9800| 0.8953| 0.0001| 0.3461| 0.0003| 0.3776
14.4512(28.6969| 0.7345 0.0000| 0.0000 0.0000| 0.0000
14.4512(33.7462) 0.6770; 0.0000] 0.0000| 0.2400| 0.0000
11.6816| 4.0184| 0.9599) 0.0000] 0.1564| 0.0000| 0.1042

9.6236 | 0.0000| 1.0700] 0.0002] 0.2871| 4.0648| ¢ 4883
5.9162 | 8.3633| 0.8554| 0.0001| 1.2255| 0.0004| -0.2639
4.4804 | 5.6734| 0.8787] 0.0002| 0.1948| 0.0007| 0. 1042
3.1021| 0.0000| 1.0100] 0.0001] 2.4150| 31352 1.2369
0.2899 | 0.0000| 1.0450] 4.4501] 0.5563| 2. 7788 0.8268
0.0000.].0.00001 1.0600! 3.6142! 0.0000]1 0 4242! 0.0CQ0
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Fig. 2 Relationships between VCPI and
#14 bus voltage
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