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Improved Direct Method for Calculating the Closest Voltage Collapse Point
and Voltage Stability Enhancement by Generation Redispatch

MR BT R
(Hae=Kon Nam ~ Chung=Gi Song ~ D J Kim)~

Abstract : The distance in load parameter space to the closest saddle node bifurcation (CSNB) point provides the
worst case power margin to voltage instability and the left eigenvector at CSNB identifies the most effective direction
to steer the system to maximize voltage stability under contingency. This paper presents an improved direct method for
computing CSNB: the order of nonlinear systems equations is reduced to about twice of the size of load flow equations
in contrast to about three-times in Dobson’s direct method; the initial guess for the direct method is computed
efficiently and robustly by combined use of continuation power flow, a pair of multiple load flow solution with
Lagrange interpolation. It is also shown that voltage stability may be enhanced significantly with shift of generations in

the direction of the left eigenvector at CSNB.
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Fig. 1 The singular surface £ in PQ-plane
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Table 1 Load parameters for 5-bus system

P3( 03) | P2( 82){Po( 84) | Ps( 85) |Qz(V2)| Qa(V4) | Q5(V5)
wy [ 0.4851 | 0.3513 | 0.7160 | 0.3570 {0.0055]-0.0326{ 0.0074
wx | 0.0157 | 0.0094 | 0.5214 | 0.0550 10.0009 | 0.8384 | 0.1477
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Table 2 Vector N, at CSNB for Klos-Kemer system

Bus # N, P N, Q Bus # N, P N, Q
2 0.2216 0.2874 7 0.2242 0.0831
3 0.4378 0.3033 8 0.1671 0.0642
4 0.3631 0.1989 9 0.1028
5 0.2452 10 0.0983 0.0509
6 0.3477 0.2090 11 0.2133 0.1765
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Athe AL & F A AR AojHdE AR
39 0.035%el ¥I4sd Re|, d= 1022 ¥} LAY
& 2R Folx FHE vpHo] J)AR 02%, d= 15%
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TzRdr BE2E AER AMY Aoz 4@t
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Table 3 Voitages after redispatch in Klos-Kerner

system
Bus # | Base case d=10 d=15
2 0.73584 0.90675 0.91415
3 0.72635 0.89173 0.88812
4 0.82708 0.92550 0.90432
6 0.82737 0.93901 0.92315
margin | 0.0035 % 9.2 % 935 %

margin: the distance to voltage collapse point in % of
the base load with load increase in the direction of

bus power vector at base load.
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Table 4 Stability margin in New England 30-bus system

B8 | & 9ARa | 2% | F dAve
2% (MW) 2% (MW)
1 19473.59 3 10771.12
2 10833.44 4 10769.69
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Fig. 2 New England 30-bus system.
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Table 5 Vecor N, at CSNB for New England system

Bus # N, P NQ Bus # N, P NQ

2 -0.0117 21 -0.2019 | 0.2127
6 0.0125 22 -0.4028

10 0.0073 23 -0.4037

15 0.0863 | 0.2987 24 -0.0924 | 0.2597
16 -0.0782 | 0.2609 25 -0.0169

17 0.0094 | 0.2136 27 0.0709 | 0.2040
19 -0.2509 29 -0.1012

20 -0.2536

AYAAE #F4E SAsiME 693 108 24 LH7] &
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Table 6 Voltages after redispatch in New England system
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Bus # Base case d=5
15 0.7382 0.7913
16 0.7930 0.8540
; Alel =2
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