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Tab.1 Feature weight of status parameters of the yaw system
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Number State parameter Feature weight
1 IRALALE Yaw position 0.089
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(ot b B HLI B 1L, Aol 3

3 1L, phase current of the yaw motor loop 0.079

6 I UL H, AL IR % 2L A H 3 0,082
2L, phase current of the yaw motor loop ’
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Wear state of the brake of the yaw motor ’

8 K Wind speed 0.086

9 £ I Active power 0.065
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Operating time of yaw motors
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Tab.3 Example of abnormal diagnostic results

ML 5 H PiR GLOAL] T | S RIS SR SR
Unit number Date Start time End time Abnormal start position/(”) Abnormal end position/(°)  Abnormal mode
12* 2022/11/04 06:48:33 06:51:07 -8.62 24.12 b
21* 2022/11/12 11:17:44 11:18:21 9.21 9.32 a
49% 2022/12/13 14:55:17 14:58:01 -17.95 -17.96 a
51* 2022/12/21 09:47:04 09:49:04 -7.69 -13.04 d
72" 2022/12/18 02:03:29 02:05:29 -2.6 -9.91 d
80" 2022/12/31 20:02:20 20:02:34 10.1 60.7 c
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Fig. 7 Timing diagram of anomaly modes of the yaw position
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Tab.4 Performance evaluation of different methods

757 Method MAE RMSE ~ MAPE R
BPNN 33272 36113 0371 0.713
Relief-F-BPNN 31021 33528  0.281 0.763
SIG-Relief-F-SVM 24131 26217  0.133 0.851
SIG-Relief-F-MSET 25844 28749  0.161 0.833
SIG-Relief-F-BPNN 183.77 21491  0.081 0.912

4 Hig
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Research on data-driven abnormal warning methods for wind turbine yaw

positions

SHEN Xu' WANG Haiyun' HUANG Xiaofang’
(1. Engineering Research Center of Renewable Energy Power Generation and Grid Connection Technology, Ministry of
Education, Xinjiang University, Urumgqi 830047, China)
(2. Beijing Goldwind Science & Creation Windpower Equipment Co., Ltd., Beijing 100176, China)

Abstract: Abnormal yaw positioning during yaw operations induces progressive deviation in yaw alignment accuracy,
thereby compromising wind-tracking precision and risking excessive cable twisting that threatens operational safety.
Concurrently, frequent position oscillations or repetitive short-duration position holding generate transient control errors,
destabilizing the yaw control system. These coupled mechanisms collectively escalate yaw system failure frequency and
operational maintenance costs. To proactively mitigate these risks, a data-driven fault diagnosis methodology is proposed for
early detection of anomalous yaw positioning in wind turbines. Firstly, a large amount of data in a supervisory control and data
acquisition (SCADA) system was processed using a standardized interaction gain and Relief-F (SIG-Relief-F) feature selection
algorithm to identify multiple feature parameters with the strongest correlation with the target variable (which in this case may
be yaw system failure). The advantage of this method lied in its ability to consider effectively the correlation between features,
thus maximizing the retention of relevant features related to yaw system failures and interaction features. Secondly, a back
propagation neural network (BPNN) yaw position prediction model was established, and the distribution of residuals was
statistically analyzed using a sliding window method to determine the fault threshold. Finally, through empirical verification,
the effectiveness and accuracy of the proposed method were demonstrated, and compared with multivariate state estimation
technique (MSET) and support vector machine (SVM) algorithms, it was shown to have superior abnormal warning
performance. The conclusions drawn can serve as a reference for the fault diagnosis of a practical yaw system.

Key words: Wind turbine; Yaw position; Interactive information; Relief-F; BPNN; Abnormal warning

Corresponding author: WANG Haiyun, E-mail: why@xju.edu.cn

Fund: Tianshan Talent Program (2022TSYCJC0030); Key Research and Development Program of the Autonomous
Region (2022B03031); Science and Technology Project of Hami High-tech Zone (HGX2023KJXM008)

Received: 2024-02-21 Revised: 2024-03-20



