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Fault source location method for negative damping oscillations based on oscillation mode identification
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Abstract: Large-scale, multi-regional, highly coupled interconnected power systems are increasingly facing challenges
such as strong perturbation responses, nonlinear time-varying behavior, and complex oscillation modes. To extract
oscillation information under fault conditions from the massive data accumulated by wide-area measurement systems
(WAMS) and to achieve fault source localization, a negative damping oscillation fault source location method based on
oscillation mode identification is proposed. First, a data-driven mode identification (DDMI) method is proposed to
identify modal parameters of low-frequency oscillations with negative damping, thereby filtering out the dominant modal
signals. Next, based on damping torque analysis, the calculated formula of generator oscillation energy in different
oscillation modes is defined. Furthermore, the oscillation signals for different modes are reproduced using the identified
modal parameters to compute the dominant mode oscillation energy, which enables the localization of the
oscillation-causing generator. Finally, simulations are conducted on a New England power system model with wind power
integration to verify the effectiveness of the DDMI method. The results show that the proposed localization method can
accurately locate the fault source under multi-machine fault scenarios.
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Fig. 5 Clustering results of different dimensionality reduction

methods combined with k-Shape algorithm
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Table 1 Evaluation index of clustering results of different treatment

J5 1 CP DBI NS C
k-Shape 0.2267 0.4432 100 250
IPAA-k-Shape  0.2267 0.4432 100 100
PAA-k-Shape 0.3590 1.3975 74 50
DS-k-Shape 0.2446 0.5398 96 125
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Fig. 6 Variation of G5 electromagnetic power
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Table 2 Multi-modal identification results for oscillation signals
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Fig. 9 Electrical quantities of each generator in case
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Table 4 First dominant oscillation modes parameters of AP,

and Aw, for each generator during G5 and G8 faults

\ T A .
Rl AR, Ao, BB bz forad
ou RM

AP, 63 0057 0.l ~0.4n
Gl1

A, 13 -005 0.1 0

AP, 24 -0.12 0.62 -0.47n
G2

Aw, 1.2 -0.13 0.62 0.01n

AP, 16 -0058 062 0.547
G3

Aw, 9.1 -0.066 0.62 1.02n

AP, 14 -0.047 0.6 -0.40m
G4

Aw, 6 -0.037 0.6 0.08n

AP, 18 0.13 125 ~0.44n
G5

Aw; 1.1 0.11 1.23 0.35n

AP, 22 -0.22 0.64 ~0.45m
G6

A, 8.4 -0.23 0.65 0.02n

AP, 1.9 -0.2 0.65 0.52n
G7

Aw, 9.3 -0.24 0.65 T

AP, 22 0.06 118 0.467
G8

Ay 5.7 0.058 1.18 0.98n

AP, 3.5 -0.13 0.45 -0.50%
G9

Aw, 2.4 -0.18 0.45 0.0ln

AP, 37 0058 0.58 0.50m
G10

Aw, 1.3 -0.051 0.58 0.96n
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Fig. 10 Oscillation energy curves during G5 and G8 faults
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Table 5 First dominant oscillation mode parameters of AP, and

Aw, for each generator during G2, G5 and G9 faults

KHEH AP Ao, IEE/pu. R F/MHz  AHA/rad
AP, 8.3 -0.1 0.099 -0.42n
Gl
Ao, 9.0 -0.07 0.096 0.03n
AP, 22 0.049 0.62 0.461
G2
Aw, 3.1 0.056 0.62 1.01n
AP, 2.5 -0.096 0.61 0.54n
G3
Ao, 1.5 -0.18 0.61 1.02n
AP, 1.1 -0.052 0.59 -0.391
G4
Ao, 1.1 -0.046 0.59 0.1z
AP, 3.2 0.097 1.23 -0.31n
G5
Ao, 8.2 0.097 1.23 0.21n
AP, 3.0 -0.5 0.35 -0.43n
G6
Ao, 1.2 -0.5 0.35 -0.02n
AP, 1.9 -0.22 0.66 0.53n
G7
Aw, 7.2 -0.24 0.65 0.98n
AP, 3.1 -0.11 0.54 0.71n
G8
Ao, 1.3 -0.1 0.54 -0.851
AP, 1.8 0.12 0.48 -0.481
G9
Aw, 1.0 0.08 0.48 -0.07n
AP, 3.6 -0.1 0.53 0.521
G10
Aw, 1.6 -0.14 0.53 -1.02n
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