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Abstract: After offshore wind power enters the parity era, there is a more urgent need for accurate fault prediction to
improve the reliable operation of wind turbines and reduce power generation losses; however, relying only on physical or
data models for wind turbine early fault warning often faces the problem of model accuracy. Based on the idea of mod-
el-data fusion modeling, a fusion-driven offshore doubly-fed wind turbine early-fault-warning method based on
equivalent thermal network model and Stacking integration algorithm is proposed. Firstly, the equivalent thermal network
method is used to construct the wind turbine thermal balance matrix, the matrix is solved to obtain the steady state tem-
perature values of each node, and the first-order RC thermal network model is adopted to describe the temperature trend
over time. Then, the stator winding temperature and other related variables calculated by the thermal model are used as
input features of the Stacking integration algorithm to correct the stator winding temperature values. Finally, the K-S
(Kolmogorov-Smirnov) test principle is utilized to determine the adaptive threshold value, and early fault warning is car-
ried out according to the trend of the residuals. The SCADA data of a domestic offshore wind farm are analyzed as an
example to verify the effectiveness of the fusion model. The early warning method for offshore wind turbine faults based
on the temperature-heat model driven with data fusion is generalizable and provides a technical support for the healthy
and sustainable development of offshore wind power in the era of parity.
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Fig.1 Flowchart of fault warning based on model-data fusion model
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Fig.2 Structure of doubly-fed wind turbine generator
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Fig.7 Schematic diagram of dynamic threshold setting
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Table 1 Gray correlation between winding temperature and

each state variable
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Fig.8 Comparison of the results of GRA-LSTM and

its improved models
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Table 2 Comparison of the prediction performance of

GRA-LSTM and its improved models

o VA T
e -
RMSE MAE R’
GRA-LSTM 1.765 6 1.030 5 0.985 8
it GRA-LSTM 1.2327 0.780 5 0.993 1
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boosted decision tree, GBDT). [fi#L#%#k(random
forest, RF). [af&4E2 M 4% (back propagation,

BP). LASSO(least absolute shrinkage and selection
operator) i /NI AR Sk B E T RH . SCRFR &
Hl(support vector machine, SVM). K #T4[}(K nearest
neighbors , KNN). %5 F1 #f 28 X 2% (convolutional
neural network, CNN). ff¥f i 28 I 4% (recurrent
neural network, RNN)&§ 2 MERAE W35 (1) 1 7 =)
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Table 3 Comparison of fitting times and evaluation indicators

for each base model

FEEEC) R LI 5] /min RMSE R?
XGBoost 1.49 1.098 5 0.994 4
GBDT 41.12 1.177 5 0.993 6
RF 24.17 1.1502 0.9939
BP 39.58 13129 0.9921
LASSO 1.64 1.760 7 0.985 8
SVM 6.83 1.726 2 0.986 4
KNN 0.48 13501 0.9917
CNN 9.09 1.2949 0.992 8
RNN 12.56 1.524 4 0.984 5
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Fig.9 Correlation analysis of prediction errors of

graph-based learners
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Table 4 Comparison of Stacking integration algorithm and

base model prediction performance

Hn LR
RMSE MAE R?
SVM 1.726 2 1.100 0 0.986 4
CNN 1.2949 0.8754 0.992 8
KNN 13501 0.884 3 0.991 7
XGB 1.098 5 0.7273 0.994 4
Stacking 0.767 1 0.543 6 0.997 1
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Table E1 Hyperparameter selection for each base model
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