
IET Renewable Power Generation

Research Article

Application of the multi-scale enveloping
spectrogram to detect weak faults in a wind
turbine gearbox

ISSN 1752-1416
Received on 15th August 2016
Revised 9th January 2017
Accepted on 18th January 2017
E-First on 10th February 2017
doi: 10.1049/iet-rpg.2016.0722
www.ietdl.org

Zhiyong Ma1, Wei Teng1,2 , Yibing Liu1,2, Dameng Wang1, Andrew Kusiak3

1School of Energy, Power and Mechanical Engineering, North China Electric Power University, Beijing 102206, People's Republic of China
2Key Laboratory of Condition Monitoring and Control for Power Plant Equipment of Ministry of Education, North China Electric Power University,
Beijing 102206, People's Republic of China
3Mechanical and Industrial Engineering, 3131 Seamans Center, The University of Iowa, Iowa City, IA 52242-1527, USA

 E-mail: tengw@ncepu.edu.cn

Abstract: The gearbox of a wind turbine involves multiple rotating components, each having a potential to be affected by a fault.
Detecting weak faults of these components with traditional demodulation analysis is challenging. Multi-scale enveloping
spectrogram (MuSEnS) decomposes a vibration signal into different frequency bands while simultaneously generating the
corresponding envelope spectra. In this study, a MuSEnS-based diagnosis approach is applied to detect faults affecting the
intermediate stage of a gearbox installed in an operating wind turbine. The MuSEnSs of 12 vibration channels have allowed to
identify multiple fault features, including the weak fault of the big gear on the sun shaft. The effectiveness of the proposed fault
diagnosis approach has been tested with industrial data and the faults themself have been confirmed with the disassembled
gears.
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2 Structure of a wind turbine gearbox
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3 Fault detection in the wind turbine gearbox
3.1 Multi-scale enveloping spectrogram
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Fig. 1 Structure of a wind turbine gearbox
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3.2 Fault diagnosis procedure

4 Case study
4.1 Wind turbine considered in this research

4.2 Analysis for the results

Fig. 2 Complex Gaussian wavelet
(a)

(b)

Fig. 3 Fault diagnosis procedure for wind turbine gearbox

Fig. 4 Placement of the acceleration transducers on gearbox

Table 1 Numbers of teeth of multiple gears in wind turbine gearbox
Zp Zs Zr Zmi Zmo Zhi Zho
35 17 87 101 24 82 21
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Refocus

Fig. 9 Slices of MuSEnS in Fig. 8f
(a) (b)

Fig. 10 Slices of MuSEnS in Fig. 8k
(a) (b)

Fig. 11 Broken gear on intermediate shaft in IS

Fig. 12 Gear on high speed shaft

Fig. 13 Cracked big gear on sun shaft in IS
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