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Modal sensitivity method for identifying close modes in a power system

LI Yixin, MA Yanfeng, ZHAO Shuqiang
(North China Electric Power University, Baoding 071003, China)

Abstract: It is important to study the influence of close modes on the dynamic characteristics of power systems, and the
identification of close modes is a research topic. Based on the analysis of a close modes identification method in the field
of mechanics, a modal sensitivity method for identifying them in a power system is proposed. This method is simple in
calculation and can effectively identify the close modes. Given modal sensitivity information, the change of oscillation

modes can also be determined. Two examples of 10-machine and 24-machine power systems demonstrate the

effectiveness of the proposed method.
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Table 1 Eigenvalues of 10-machine system
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Table 2 Modes sensitivity to M;

U, U, Us U, Us
0.30 -0.27 0.40 -0.22 0.55
0.54 -0.67 0.67 0.00 -0.71

-39.35 24.19 -14.79 0.00 -0.03
9.13 -7.08 4.35 0.04 0.17
14.72 -17.46 8.89 -0.21 -0.23
39.11 22.03 -9.45 -0.14 -0.18
6.94 -29.46 8.28 0.20 1.01

-0.32 1.27 -0.14 -0.20 -0.25
0.01 0.06 0.01 -0.01 -0.01

-0.84 6.97 -2.03 0.80 0.00

Us U; Us Uy -

-0.13 0.00 0.05 0.00 —
-0.09 0.00 0.05 0.00 —
0.00 0.00 0.02 0.00 —
0.00 0.00 0.00 0.00 —
0.00 0.00 0.04 0.00 —
0.00 0.00 0.03 0.00 —
0.31 0.01 -0.20 0.09 —
-0.16 -0.01 0.08 0.01 —
-0.01 0.00 0.00 -0.03 —
0.20 0.00 -0.02 0.01 —
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Table 3 Modes sensitivity to M,

U, U, Us U, Us

-0.01 -0.01 -0.05 12.17 26.24
0.03 0.03 0.20 -20.26 -18.57
0.00 -0.02 0.00 0.29 0.01
0.00 0.01 -0.01 1.73 -1.47
0.01 0.02 0.00 -4.80 6.40
-0.02 -0.03 -0.04 -3.36 4.42
-0.02 0.00 0.02 10.70 -6.51
0.00 0.00 -0.01 -6.91 4.28
0.00 0.00 0.00 -0.45 0.23
0.02 0.00 -0.03 23.93 -14.95

Us U; Us Uy —

-2.55 0.00 -0.28 0.02 —
-1.01 2.57 -0.62 0.17 —
0.01 -0.08 0.01 0.01 —
-0.24 0.52 0.00 0.00 —
0.00 -0.57 0.00 0.00 —
0.03 -0.46 0.03 0.01 —
0.24 -0.57 0.11 0.00 —
-0.46 -1.56 0.55 0.00 —
-0.04 0.01 0.01 -0.07 —
0.47 —0.66 0.09 -0.01 —
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Fig. 2 Mode shapes of w3 before and after the perturbation
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Table 4 Eigenvalues of 24-machine system

B AR B LIES 5N LIES
o 17.327 1 o 8.726 0 w17 7.6292
w 16.387 6 w10 8.627 6 wis 6.6922
ws 12.533 8 o 8.3985 w1 6.6529
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Table 5 Modes sensitivity to M,
U, U, Us U, Us Us U; Uy

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 -1.06 0.71
0.00 0.00 0.00 0.00 0.00 0.00 0.06 -0.08
0.00 0.00 0.00 0.00 0.00 0.00 -0.71 0.62
0.00 0.00 0.00 0.00 0.00 0.00 -0.26 0.23
0.00 0.00 0.00 0.00 0.00 0.00 -0.01 -0.01
0.00 0.00 0.00 0.00 0.00 0.00 -0.61 0.52
0.00 0.00 0.00 0.00 0.00 0.00 -0.64 0.58
0.00 0.00 0.00 0.00 0.00 0.00 -0.46 0.42
0.00 0.01 0.01 000 0.00 015 -30.15 24.03
0.00 0.00 0.00 0.00 0.00 0.02 -6.50 6.70
0.00 0.00 0.00 0.00 000 000 -23.12 21.10
0.00 0.00 0.00 0.00 0.00 0.00 -0.15 0.10
0.00 0.00 0.00 0.00 0.00 0.00 —-4.88 2.70
0.00 0.00 0.00 0.00 0.00 0.00 1.50 -0.80
0.00 0.00 0.00 0.00 0.00 0.00 -0.50 0.30
0.00 0.00 0.00 0.00 0.00 0.00 -0.93 0.50
0.00 0.00 0.00 0.00 0.00 0.00 4.50 -2.48
0.00 0.00 0.00 0.00 0.00 0.00 -3.00 1.62
0.00 0.00 0.00 0.00 0.00 0.00 -3.91 2.12
0.00 0.00 0.00 0.00 0.00 0.00 26.89 -14.53
0.00 0.00 0.00 0.00 0.00 0.00 -9.33 5.04
0.00 0.00  0.00 0.00 0.00 0.00 -1.33 0.77

0.00 0.00 0.00 0.00  0.00 0.00 0.36 -0.21
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