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Fig.1 Signal noise reduction flowchart
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Fig.2 The test wind tunnel and equipment
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Fig.3 The location of the strain gauge measurement point
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Fig.5 8-5-1 strain data noise reduction results
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Fig.6 Signal spectrum diagram
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Fig.7 Results of axial variable wind velocity conditions
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Fig.8 8-5-1 side wind status results
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Fig.9 Variable flow wind speed side wind condition results
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Fig.10 Variable sidewind angular velocity side wind state results
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Fig.11 Variable tip speed ratio side wind condition results
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Cross—wind state evaluation of wind turbine based on
multi—sensor data fusion

Li Yongbo', Liu Zhen'*?, Wang Jianwen>*, Zheng Mengnan', Liu Hongyu'
(1.Mechanical Engineering College, Inner Mongolia University of Technology, Huhhot 010000, China; 2.Key
Laboratory of Wind Energy and Solar Energy Utilization Technology, Huhhot 010000, China; 3.Inner Mongolia Key
Laboratory of Robotics and Intelligent Equipment Technology, Huhhot 010000, China; 4Energy and Power
Engineering College, Inner Mongolia University of Technology, Huhhot 010000, China.)

Abstract: In order to explore the strain characteristics of wind turbine blades during continuous
crosswind, a multi —sensor data fusion method for wind turbine crosswind state evaluation is
proposed in this study. In this method, ensemble Empirical Mode Decomposition (EMD) and
composite multi—scale permutation entropy—wavelet algorithm are used to jointly reduce the noise
of wind turbine blade strain signals, and then Kernel Principal Component Analysis (KPCA) is
used to integrate the multiple groups of strain signals after noise reduction. The Squared prediction
error (SPE) statistic was used as the evaluation index to effectively divide the wind turbine
crosswind process. The results show that the proposed method is effective in reducing the noise of
non-stationary wind turbine blade strain signal, and can accurately reflect the strain variation law
in continuous crosswind process. In addition, through the combination of KPCA and SPE statistics,
the process of wind turbine crosswind is segmtioned, and the operating state of wind turbine
crosswind under different influencing factors is analyzed.

Keywords: blade strain; continuous crosswind process; noise reduction processing; multi—sensor

data fusion
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