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ABSTRACT: A support vector machine (SVM)-based
diagnosis method of direct-drive wind turbine generation set is
proposed. In this diagnosis method the multi-source information
such as wind speed, rotational speed of wind turbine,
time-domain and frequency-domain feature parameters of
vibration signal in horizontal and vertical direction are
synthetically considered. Experimental analysis of direct-drive
wind power generation set under five conditions, i.e., normal
condition, wind wheel mass imbalance, wind wheel
aerodynamic imbalance, yaw and blade break, is carried out to
research the features of the wind turbine under different states.
Based on the results of experimental analysis, the time-domain
and frequency domain parameters of vibration of main shaft of
wind turbine generation set in horizontal and vertical direction
as well as wind speed and rotational speed are selected as
feature parameters to describe operation state of the wind
turbine for the fault identification. Taking the feature parameters
of wind turbine under the five conditions as learning samples,
the SVM is trained and the mapping relations between different
feature parameters and fault types are built for the fault
diagnosis. According to experimental data of different faults of
wind turbine generation set, the application testing of fault
model considering multi-source information is performed, and
the testing results show that the proposed method is simple and
effective; the proposed method possesses satisfied fault
identifying ability and good robustness, so it is suitable for fault
diagnosis of direct-drive wind turbine, meanwhile it can meet
the requirement of online fault diagnosis.
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Fig. 1 Structure of direct-drive wind turbine
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Fig. 2 The relationship among wind speed,
rotational speed and power under
different conditions of wind turbine
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Fig. 3 The time-domain curve under
different conditions of wind turbine
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Tab. 2 The vibration signal parameters of wind turbine in horizontal direction

HLADIRZS Un Ustd Urms Up Kse Kcr Kie Keie Ky Ut Use Urmst Ustaf
N 0.87 0.31 0.31 0.28 0.78 0.49 0.55 0.63 0.53 0.26 0.36 0.41 0.44
F 0.77 0.44 0.44 0.39 0.23 0.41 0.34 0.32 0.25 0.41 0.90 0.90 0.90
F, 0.81 0.52 0.52 0.42 0.21 0.15 0.16 0.17 0.23 0.25 0.15 0.15 0.16
Fs3 0.77 0.14 0.14 0.13 0.70 0.65 0.65 0.65 0.63 0.10 0.28 0.30 0.32
Fy 0.13 0.90 0.90 0.90 0.45 0.58 0.53 0.49 0.70 0.90 0.84 0.84 0.84

®3 KENAEELERSHISEH

Tab. 3 The vibration signal parameters of wind turbine in vertical direction

HLALIRZS Um Ustd Urms Up Kse Ker Kie Kerr Ky Umf Usc Urmsf Ustdf
N 0.14 0.19 0.19 0.19 0.57 0.69 0.65 0.64 0.43 0.19 0.23 0.23 0.24
Fy 0.23 0.29 0.29 0.29 0.36 0.55 0.49 0.47 0.26 0.30 0.74 0.77 0.79
F, 0.19 0.43 0.43 0.39 0.23 0.22 0.21 0.21 0.20 0.18 0.10 0.10 0.10
Fs3 0.28 0.10 0.10 0.10 0.90 0.90 0.90 0.90 0.90 0.10 0.31 0.40 0.45
Fy4 0.86 0.90 0.90 0.90 0.18 0.24 0.22 0.22 0.18 0.90 0.86 0.87 0.88

F 4 5 R EBHAFEIRS LS
Tab. 4 The performance parameters of five wind turbine conditions to be detected

ML R ROR S D, D, Ds Dy Ds
WIE v 0.39 0.27 0.10 0.62 0.90
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Tab.5 The vibration signal parameters of wind turbine conditions to be detected in horizontal direction

AT AR U Ustd Urms Up Kse Kce Kie KeLr Ky Ut Ue Urmst Ustaf
D; 0.77 0.14 0.14 0.13 0.70 0.65 0.65 0.65 0.63 0.10 0.28 0.30 0.32
D, 0.77 0.44 0.44 0.39 0.23 0.41 0.34 0.32 0.25 0.41 0.90 0.90 0.90
D3 0.87 0.31 0.31 0.28 0.78 0.49 0.55 0.63 0.53 0.26 0.36 0.41 0.44
Dy 0.81 0.52 0.52 0.42 0.21 0.15 0.16 0.17 0.23 0.25 0.15 0.15 0.16
Ds 0.13 0.90 0.90 0.90 0.45 0.58 0.53 0.49 0.70 0.90 0.84 0.84 0.84
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Tab. 6 The vibration signal parameters of wind turbine conditions to be detected in vertical direction

MHIHUA R RRIRAS Un Ustd Urms Up Kse Ker Ki Kerr Ky Unnf Ut Urmsf Ustar
D, 0.28 0.10 0.10 0.10 0.90 0.90 0.90 0.90 0.90 0.10 0.31 0.40 0.45
D, 0.23 0.29 0.29 0.29 0.36 0.55 0.49 0.47 0.26 0.30 0.74 0.77 0.79
D3 0.14 0.19 0.19 0.19 0.57 0.69 0.65 0.64 0.43 0.19 0.23 0.23 0.24
Dy 0.19 0.43 0.43 0.39 0.23 0.22 0.21 0.21 0.20 0.18 0.10 0.10 0.10
Ds 0.86 0.90 0.90 0.90 0.18 0.24 0.22 0.22 0.18 0.90 0.86 0.87 0.88
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Tab. 7 The diagnosis results
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