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Transient stability assessment of power systems with wind turbines based on an improved CNNA model

LIU Wei'? HU Xinyue', LU Jingyi’
(1. School of Electrical and Information Engineering, Northeast Petroleum University, Daqing 163318, China;
2. NEPU Sanya Offshore Oil & Gas Research Insititute, Sanya 572000, China)

Abstract: With the continuous increase in wind power penetration, the power fluctuation and uncertainty of power
systems have significantly intensified, posing severe challenges to traditional transient stability assessment methods in
terms of both accuracy and efficiency. To address this issue, a transient stability assessment model based on an improved
one-dimensional convolutional neural network with attention (CNN-Attention, CNNA) is proposed. First, by fully
exploiting the feature extraction capability and key temporal sequence focusing ability of the CNNA, residual blocks are
introduced to alleviate the gradient vanishing problem, and Wiener filtering is incorporated to suppress noise interference
in the samples. Second, a transient stability assessment framework is designed based on a combined criterion of rotor
angle stability and voltage stability, and a corresponding evaluation index system is established. Finally, simulation
studies are carried out using PSASP software on the IEEE 39-bus and IEEE 118-bus systems with wind turbine generator.
The results show that the proposed method maintains high accuracy under different noise levels and wind turbine
operating conditions, effectively reduces the risk of “false stable” misjudgment, and exhibits strong capability in
identifying unstable states.
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Table 1 Evaluation metrics of the model under different SNRs
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PS5 70 471
faE 925 16
N5 61 467
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e 939 23

KFa 47 460
FaE 944 30
KA 42 453
e 950 38
KFa 36 445
e 956 46
N5 30 437
FaE 961 53

S 25 430

B AJ% PJ% RJ% F

rec

0.9 94.01 85.71 98.14  0.9150

0.8 9442 87.06 97.52  0.9199

0.7 94.76 88.45 96.69  0.9239

0.6 95.03 89.73 9527  0.9242

0.5 9523 90.73 9524 0.9293

04 95.10 91.52 93.21  0.9236

03  94.96 92.52 92.13  0.9232

02 9483 93.58 90.48  0.9200

0.1  94.69 94.51 89.03  0.9169
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Table 3 Evaluation metrics of the model of the
IEEE118-bus system

Ry A /% P, /% R, /% F,
WRCNNA 93.78 83.86 98.19 0.9046
RCNNA 92.35 81.20 96.98 0.8839
CNNA 90.29 77.37 95.62 0.8553
CNN-LSTM 88.29 74.09 93.80 0.8279
Transformer 89.88 76.79 95.01 0.8493
Bi-LSTM 90.06 77.03 95.31 0.8520
TCN 89.38 76.02 94.41 0.8422
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Table 4 Evaluation metrics under different conditions

T A% B /% R../% F
1 93.78 83.86 98.19 0.9046
2 93.92 85.10 97.44 0.9085
3 94.33 87.48 96.63 0.9183
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