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Abstract
Wind turbines are good examples of time-varying systems as their modal properties depend on their instantaneous configuration. To catch the variations
of modal parameters in time-varying systems, classical identification methods have to be adapted to the non-stationary nature of the recorded signals. In
this paper, it is proposed to study the dynamic behavior of an offshore five-megawatt wind turbine. First, a numerical model of the wind turbine is created
to serve as reference. Then, the time-varying behavior of the system is evaluated by simulating a large number of possible configurations. To this purpose,
time responses are generated from the numerical model submitted to different environmental conditions. The wind is considered as the main non-measured
external excitation force on the structure and the responses are recorded at several locations to simulate a real measurement process. Special care is
brought to the accessibility of the measurement locations and to the limited number of available sensors in practice. Using these simulated measurements,
output-only identification methods are used to extract varying dynamic properties of the structure. The final objective of this work is to pave the way to
online condition monitoring of wind turbines.

Studied wind turbine
The complete wind turbine is described in the NREL technical
report, 2009 [1].

Rating : 5 MW
Rotor diameter : 126 m
Hub height : 90 m
Wind speeds :
I Cut-in : 3 m/s
I Rated : 11.4 m/s
I Cut-out : 25 m/s
Rotor speeds :
I Cut-in : 6.9 r.p.m.
I Rated : 12.1 r.p.m.

Numerical model
The wind turbine is modelled in the LMS–Samcef for wind turbine
software [2].

Use of beam elements to model the
tower and blades
Use of aero elements to compute
aerodynamic loads on the blades
Use of Lumped masses to simulate
the nacelle and the bedplate
Use of Hinges in the rotor and yaw
mechanism
10 measurement points are considered
along the tower

Applied loads and identification method
Turbulent winds are generated based on a Kaimal wind model and
applied on the structure.
Operational modal analysis is performed using the Stochastic
Subspace Identification method [3].
Assumptions
I Linear time-invariant system
I Whiteness of the Gaussian process noise
Problem : these assumptions are not completely fulfilled.

Encountered difficulties

I The very low frequencies of the system require long time
responses

I Due to high symmetry, the eigen modes are close in frequency

I The limited number of sensors causes high spatial aliasing

I The rotor speed and pitch angle slightly vary even under sta-
tionary winds

Sensitivity of the method to the input parameters due to non
constant operational conditions
Some tools are used to overcome these difficulties :
I Stabilisation diagrams with an automated clustering approach [4]
I Several simulations for different input parameters
I Projection channels used as references [5]
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Identification results
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Mean wind Mean rotor
speed speed
[m/s] [r.p.m.]
4 7.4336
6 8.2786
8 9.9039
10 11.8921
12 12.1079
14 12.1091
16 12.1161
18 12.1240
20 12.1314
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