
©
 C

op
yr

ig
ht

 2
02

1
LD

M
 P

ad
er

bo
rn

 U
ni

ve
rs

ity

Osarenren K. Aimiyekagbon, Amelie Bender, Walter Sextro

CASE STUDY: BEARINGS

ON THE APPLICABILITY OF TIME SERIES FEATURES 

AS HEALTH INDICATORS FOR TECHNICAL SYSTEMS 

OPERATING UNDER VARYING CONDITIONS

CM 2021



©
 C

op
yr

ig
ht

 2
02

1
LD

M
 P

ad
er

bo
rn

 U
ni

ve
rs

ity

Outline

Osarenren K. Aimiyekagbon, Amelie Bender, Walter Sextro 2

ON THE APPLICABILITY OF TIME SERIES FEATURES AS HEALTH INDICATORS 
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CASE STUDY: BEARINGS

 Introduction

 Identification of health indicators from time series

 Case Study

 Data description 

 Preliminary analysis 

 Feature extraction and selection 

 Conclusion
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[Goebel et al. 2012] 

Bearing fundamental frequencies can be 

calculated at constant speed

Requires knowledge of bearing geometry and 

rotating speed 

How to account for varying conditions?

How to quantify faults?
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 Time domain analysis

Vibration data Measured Speed and derived Root Mean Square (RMS)

Find features that reflect the degradation despite varying operating conditions
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 Feature extraction 

 Classical time-domain features

 Electromyography (EMG) Feature Extraction Toolbox – MATLAB-Central [Too et al. 2019] 

 Highly comparative time-series analysis (HCTSA) MATLAB Database [Fulcher et al. 2021] 

•Courtesy of Researchers from Department of Physics, University of Oxford and Department of Mathematics, Imperial 

College London

 Feature selection for prognostics [Mathworks 2020] 

 Regressional ReliefF [Robnik-Šikonja and Kononenko 2003] 

• … further development of ReliefF: maximal distance between classes and a minimal distance within a class

 Monotonicity [Coble and Hines 2009]

•…monotonic relationship to describe a trend
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 Data Description [Martin-del-Campo et. al 2020] 

 Real-world data set from a wind farm located in northern 

Sweden

 Data acquired from six same-model wind turbines

 Approx. 46 months of vibration measurement per wind 

turbine, each 1.28 s long 

 Sampling rate of 12.8 kHz

 Two recorded bearing failures of a wind turbine

 Bearing geometry is unknown! 
[Dirk Vorderstraße 2021] 

Fault detection irrespective of the non-stationary operating conditions
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 Data Description [Martin-del-Campo et. al 2020] 

 Failure within „Turbine 5“

• Inner race fault of the output shaft 

bearing. Bearing replacement at “Time 

stamp 1.57 years”.

• Inner race fault on one of the planetary 

gear bearings. Gearbox replacement at 

“Time stamp 2.37 years”.

 Possible electrical sensor failure of 

“Turbine 2”
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 Preliminary analysis 

 Non-stationary rotational speed
“Turbine 5”

The wind turbines are not only of the same model but were also subjected to similar operating conditions

Violin plots of the speed for Turbines 1 - 6
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 Feature extraction and selection

 “Turbine 5”
Monotonicity

B
ea

rin
g 

re
pl
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em

en
t:

G
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rb
ox

 r
ep

la
ce

m
en

t:

Top-ranked feature by:    RReliefF

The top-ranked feature by Monotonicity reflects the degradation that occurred within “Turbine 5”
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 Feature extraction and selection

 Effectiveness across turbines

“Turbine 5”

The top-ranked feature by Monotonicity is a viable health indicator for wind turbines operating under real-world conditions
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 Health indicators from toolboxes were presented 

 A case study for fault detection on a real-world wind turbine

 Possible health indicator(s) for prognostics despite varying 

operating conditions

 However, for fault localization, either the frequency, the time-

frequency analysis or adequate labelled quality data is 

indispensable

 The presented methods are easily applicable to other technical 

systems

Outlook

 Further case studies are required to further evaluate the 

application of the presented methods



©
 C

op
yr

ig
ht

 2
02

1
LD

M
 P

ad
er

bo
rn

 U
ni

ve
rs

ity

Chair of Dynamics and Mechatronics

Paderborn University

Warburger Straße 100

33098 Paderborn, Germany

FOR YOUR ATTENTION!

THANK YOU

Osarenren K. Aimiyekagbon, Amelie Bender, Walter Sextro

osarenren.aimiyekagbon@upb.de

Tel. +49 (0) 5251 / 60-1809

Fax +49 (0) 5251 / 60-1803

Web: https://upb.de/ldm

This research was funded by the 

Deutsche Forschungsgemeinschaft (DFG, 

German Research Foundation)

Project number: 451737409



©
 C

op
yr

ig
ht

 2
02

1
LD

M
 P

ad
er

bo
rn

 U
ni

ve
rs

ity

References

Osarenren K. Aimiyekagbon, Amelie Bender, Walter Sextro 13

AUTOMATED FAULT DETECTION AND PROGNOSTICS FRAMEWORK 

FOR TECHNICAL SYSTEMS OPERATING UNDER VARYING CONDITIONS

CASE STUDY: BEARINGS

 [Goebel et al. 2012] K. Goebel, A. Saxena, J. Celaya, and I. Roychoudhury, “Tutorial: Introduction to prognostics,” in 

First European Conference of the Prognostics and Health Management, 2012.

 [PRONOSTIA 2012] Nectoux, Patrick, et al. "PRONOSTIA: An experimental platform for bearings accelerated

degradation tests." IEEE International Conference on Prognostics and Health Management, PHM'12.. IEEE Catalog 

Number: CPF12PHM-CDR, 2012. 

 [Mathworks 2020] https://de.mathworks.com/help/predmaint/ug/Rolling-Element-Bearing-Fault-Diagnosis.html. Last 

viewed in: 05.2021.

 [Too et al. 2019] J. Too, A. R. Abdullah, and N. M. Saad. “Classification of hand movements based on discrete wavelet 

transform and enhanced feature extraction”. In: International Journal of Advanced Computer Science and Applications 

10.6 (2019), pp. 83–89.

 [Fulcher et al. 2021] B. D. Fulcher, M. A. Little, and N. S. Jones. HCTSA Documentation. Last viewed in: 03.2021. URL: 

https://hctsa-users.gitbook.io/hctsa-manual/.

 [Coble and Hines 2009] J. Coble and J. W. Hines. “Identifying optimal prognostic parameters from data: a genetic 

algorithms approach”. In: 2009.



©
 C

op
yr

ig
ht

 2
02

1
LD

M
 P

ad
er

bo
rn

 U
ni

ve
rs

ity

References

Osarenren K. Aimiyekagbon, Amelie Bender, Walter Sextro 14

AUTOMATED FAULT DETECTION AND PROGNOSTICS FRAMEWORK 

FOR TECHNICAL SYSTEMS OPERATING UNDER VARYING CONDITIONS

CASE STUDY: BEARINGS

 [Robnik-Šikonja and Kononenko 2003] M. Robnik-Šikonja and I. Kononenko. “Theoretical and empirical analysis of 

ReliefF and RReliefF”. In: Machine learning 53.1 (2003), pp. 23–69.

 [Dirk Vorderstraße 2021] https://www.vorderstrasse.de/fotos/details/luftbild-windpark-an-der-autobahn-a44/12214/-/. 

Luftbild Windpark an der Autobahn A44, Urheber: Dirk Vorderstraße, Lizenz: CC BY-NC 3.0. Last viewed on 10.06.2021

 [Martin-del-Campo et. al 2020] S. Martin-del Campo, F. Sandin, and D. Strömbergsson. “Dictionary Learning Approach 

to Monitoring of Wind Turbine Drivetrain Bearings”. In: International Journal of Computational Intelligence Systems 14 (1 

2020), pp. 106–121. ISSN: 18756883. DOI: https://doi.org/10.2991/ijcis.d.201105.001.


