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Voltage stability probabilistic eigenvalue analysis with dynamic load model
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Abstract:
However, the existing probabilistic eigenvalue analysis only considers the static voltage exponential depending load model. The

Probabilistic eigenvalue analysis can integrate system multi-operating condition into one numerical computation.

dynamic load characteristic is the main cause for voltage instability. Hence, the probabilistic eigenvalue analysis is extended to
include the dynamic load characteristic model based on the generalized multi-machine representation (GMR) technique. Further, the
voltage weak nodes can be determined according to the distribution probabilistic of eigenvalues, the relative ratio of dynamic loads
and the voltage instability coefficients of eigenvalues to nodal voltages. Therefore, the small disturbance voltage stability analysis for
system multi-operating conditions are completed. In the end, five-bus system is applied to investigate the voltage control effects by
installing voltage control devices at the selected voltage weak nodes.
This project is supported by Key project of National Natural Science Foundation of China (No.50337010).
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Tab.l Induction motor data

. X* X*.r* X* I}* a p sO’

s s m r r

0.0465 0.295 3.5 0.0125 0.12 3.7 0.15 2.0 0.014
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Tab.2 Three-order machine data

Ra/pu Xd/pu Xq/pu X‘;/pu. 7:1'0 o D
Gl 0.000 1.633 1.633 0.179 4,000 2.620 0.000

G2 0.000 0. 306 0. 306 0.048 6.200 19.60 0. 000
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Fig.5 Exciter module
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Tab.3 Eigenvalues and their probabilistic properties

with 75% induction motor load considered

:[Zd;g o; B; 6y prlo;<0} p. pu
1 -34.2764 0.00 0.0324 1.0 0. 0018 0. 0000
2 -33.8950 0.00 0.3274 1.0 0. 0010 9. 0000
3 -18.9539 0.00 0.2133 1.0 0. 0056 0. 0000
4 -18.1635 0.00 0.0589 1.0 0. 0202 0. 0000
5 -1.1454 0.00 0.2028 1.0 0. 0036 0.0013
6 -0.8512 0.00 0.1412 1.0 0.0129 0. 0069
7,8 -0.4447 8.3039 0.1169 1.0 27.855 0. 0004

0. 0001 206.47
0.0000 999. 19

9,10 -0.1141 0.3627 0.0054 1.0
11 -0.0045 0.00 0.0042 0.8577
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Tab.4 The 11th eigenvalues and probabilistic properties

with different proportion of induction motor load

Motor proportion 6_Vi Oy D; {}
50% -0.0111 0.0021 1.0
60% -0.0084  0.0029 0.9983
70% -0.0058  0.0037 0.9394
75% -0.0045  0.0042 0. 8577
80% -0.0033  0.0057 0. 5557
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Tab.5 Voltage instability mode coefficients of the 11th
eigenvalue to nodal voltages

Voltage instability mode coefficient & ;;
Mode no. { AVy AV, AV, AV, AVis
11 05189  0.2467 -0.1078 -0.6550 -0.5989
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Tab.6 The eigenvalue and probabilistic properties with shunt
capacitor compensation at each bus

Control Node E“ Ou, putl
1 -0. 0064 0. 0025 0.9948
2 -0. 0039 0. 0061 0. 7357
3 -0. 0047 0.0041 0.6948
4 -0. 0036 0. 0070 0. 6948
‘5 -0. 0045 0.0043 0. 8554
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