
ELC;;EVIER

Renewable Energy 58 (2013) 115-126

Contents lists available at SciVerse ScienceDirect

Renewable Energy

jo u rna,'homepage: www.elsevier.com/locate/renene

s !
Renewable Energy I

u ....~..,_~ !

Extracting fatigue damage parts from the stress-time history of horizontal axis
wind turbine blades

Panu Pratumnopharat a.*, Pak Sing Leung b, Richard S. Court C

• Mechanical Engineering Department. Faculty of Engineering. Rajamangala University of Technology Thanyaburi. Klong 6. Thanyaburi. Pathumtani 12110. Thailand
b Mechanical Engineering Division. School of Computing, Engineering and lnfonnation Sciences. Northumbria University. Ellison Place. Newcastle upon Tyne NEI SST, UK
CNational Renewable Energy Centre, NaREC. Eddie Ferguson House. Ridley Street, Bly.th NE24 3AG, UK

I N F 0

Article history:
Received 2 September 2012
Accepted 4 March 2013
Available online 9 April 2013

Keywords:
Short-time Fourier transform
Spectral density function
Load history
Load history reconstruction
Variable amplitude fatigue

ABSTRACT

Horizontal axis wind turbine (HAWf) blades are a critical component of wind turbines. Full-scale blade
fatigue testing is required to verify that the blades possess the strength and service life specified in the
design. Unfortunately. fatigue tests must be run for a long time period. which has led blade testing
laboratories to seek ways of accelerating fatigue testing time and reducing the costs of tests. The
objective ofthis article is to propose a concept of applying accumulative power spectral density (AccPSD)
to identify fatigue damage events contained in the stress-time history of HAWf blades. Based on short­
time Fourier transform (STFT). a novel method called STFT-based fatigue damage part extracting method
has been developed to extract fatigue damage parts from the stress-time history and to generate the
edited stress-time history. It has been found that a STFr window size of 256 and an AccPSD level of
9800 Energy/Hz (cutoff level) provides the edited stress-time history having reduction of 15.38% in
length with respect to the original length. whilst fatigue damage per repetition can be retained almost
the same level as the original fatigue damage. In addition. an existing method. time correlated fatigue
damage (TCFD). is used to validate the effectiveness of STFr-based fatigue damage part extracting
method. The results suggest that not only does the STFr improve the accuracy of fatigue damage
retained. but also it provides a shorter length of the edited stress-time history. To conclude. STFr is
suggested as an alternative technique in fatigue durability study. especially for the field of wind turbine
engineering.

© 2013 Elsevier Ltd. All rights reserved.

Introduction

Modern wind turbines are fatigue critical machines [1) used to
generate electricity from the wind. These rotating machines are
subject to a combination of several loadings that are highly irreg­
ular in nature. Generally, wind turbine blades are considered as an
important part of the wind turbine (2). The problem of interest is
that the wind turbine blades have failed at unexpectedly high rates.
The major cause of the failure is fatigue due to cyclic loading (3).
Fatigue is an engineering terminology defined as the process of
initiation and propagation ofcracks through a structural part due to
action of fluctuating stress (4).

The unexpectedly high rate of the blade failure led designers
and researchers to develop fatigue analysis capabilities to prevent
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blade breakage. After finalising the aerodynamic design of any new
blade. full-scale blade fatigue testing is required to verify that the
blades possess the strength and service life specified in the design.
Fatigue lifetime of the blades of over 20 years is one of the struc­
tural design requirements specified by the lEe 61400-1 standard
(5). Laboratory based accelerated testing needs to expose the
component to an equivalent test loading which is shorter in time
than the length of the target loading. whilst still causing approxi­
mately the same damage potential. Techniques that can be used to
accelerate laboratory fatigue testing (6) are to increase the fre­
quency of the cyclic loading. to increase the load level and to
remove small amplitude cycles from the time history. Testing time
and cost can become too expensive if the service load is not edited
before testing.

At present, it is found in the wind turbine community that the
racetrack method [7,8) is the only existing method used in editing
fatigue loading. The racetrack method is used to produce a
condensed history in which essential peaks and valleys are listed in
their original sequence. By removing small amplitude cycles from






























