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Abstract. Wind turbines are subject to stochastic cyclic loadings which reduce their fatigue
life. In this paper, we rely on a Mass Resonance Exciter (MRE) to apply fatigue loadings to
a blade. The MRE, high-pressure tubes with hydraulic oil and sensors, substantially alter the
distribution of mass, stiffness and structural damping. We will investigate how the test setup
has modified the blade, thus verifying the validity of the approach.

The blade has been mounted on a block at the Large Scale Facility of DTU Wind Energy
Department, and instrumented with accelerometers, to provide the modal properties in the clean
configuration. Later, an MRE tuned to excite the first flapwise mode has been added, and the
blade has been excited for two million cycles in the flapwise direction. After that, the MRE
has been tuned to the first edgewise mode and the blade has been excited again for two million
cycles.

At regular intervals, the test has been stopped, to assess the effect of the test setup, as well
as the impact of the damage on the modal properties. In each case, the blade modes have been
excited using the hammer and pull and release methods. The accelerations along the blade have
been processed with system identification algorithms, to provide the modal properties. The test
setup has not significantly modified the frequencies of the first flapwise and edgewise modes,
while it has altered the frequencies of higher-order modes.
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1 INTRODUCTION

Wind turbines are subject to fatigue loads dependent on the inflow conditions and the turbine
properties. Since the fatigue loads have a major impact on the reliability of the turbine, and in
turn on the cost of energy, the regulations require to conduct a fatigue test on prototype blades.
This test can be conducted in various manners, and for this paper, we have adopted a Mass
Resonance Exciter (MRE) [1]. The MRE is a mass that oscillates with the same frequency of
one of the blade modes, this way putting the blade in a resonance condition that maximizes the
displacement with the least expenditure of energy. Since the MRE, and its auxiliary appliances
such as high-pressure hydraulic oil hoses, modify the blade mass stiffness and damping distri-
butions, it is important to quantify the change in modal properties, and hence ensure that the
test is representative of the real system. Here we will study this problem on a research scale
wind turbine blade [2].

In Section 2 we will describe the test setup. Section 3 will explain the post-processing of the
measures and the results, and finally in Section 4 we will draw the conclusions.

2 TEST SETUP

The composite material blade object of this study is 14.3 m long, with a mass of 725.19 kg.
It has been designed at DTU Wind Energy and manufactured by Olsen Wings. The test has
been conducted at the Large Scale Facility of DTU Wind Energy Department.

In the reference configuration, hereafter named clean, the blade has been clamped at the root
to the concrete block and instrumented with 16 three-axial MEMS accelerometers. The modes
have been excited through Experimental and Operational Modal Analysis (EMA, OMA). EMA
relied on the hammer, used in the flapwise and edgewise directions, while OMA on the pull and
release method, applied solely in flapwise. Subsequently, the blade has been equipped with an
MRE tuned to excite the first flapwise mode (flap setup), and the EMA and OMA tests have
been repeated using the same locations for the accelerometers. The blade has been excited for
two million cycles, to represent the loads that it would receive in the thirty years of its lifetime,
similarly to [3]. Next, the MRE has been reconfigured to excite the first edgewise mode (edge
setup), and the modal test has been repeated. Fig. 1 depicts the distribution of the concentrated
masses for the two setups. The center of gravity of the blade has been measured to be at 3.77
m from the root. The edgewise setup is shown in Fig. 2. Additionally, the suction side of the
blade, close to the root, is covered by high-pressure hydraulic oil hoses.

MRE
390 kg 55 kg

5.2 m 0.9 m

MRE
319 kg 300 kg 205 kg

3.0 m 1.5 m 1.6 m

Figure 1: Distribution of the concentrated masses for the flap setup (top) and for the edge setup (bottom).
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Figure 2: Setup for edgewise fatigue testing.

3 SIGNAL PROCESSING AND RESULTS

The measures obtained with the hammer excitation have been processed through the Poly-
MAX algorithm [4]. Due to a low signal to noise ratio, all measures in the spanwise direction,
and the ones closer to the root, have been discarded. To maintain the compatibility with the
OMA method, only the signals with the flapwise excitation have been used in the analysis.
Frequency Response Functions (FRF) have been computed for all remaining signals, using a
frequency bandwidth compatible with the first blade torsional mode. A finely tuned set of FRFs
has been used for the selection of the stable poles in the stabilization diagram and used for the
computation of the mode shapes.

The measures obtained with the pull and release have instead been processed using the
MOESP algorithm [5], which operates in the discrete-time domain. The algorithm has been
tuned by means of the stabilization diagram, and by comparing the Power Spectral Density
estimated from the measures to the one obtained from the predicted output.

The system identification results have been used to validate a finite element model of the
Olsen blade. This model has been created with the HAWCStab2 software [6], which uses
Timoshenko beam elements.
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Figure 3: Identified frequencies.
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Figure 4: Identified damping ratios.

The best results between EMA and OMA are shown in Fig. 3 and 4, along with the prediction
from HAWCStab2. As expected, the increase in mass due to the MRE and related equipment
has substantially lowered the system frequencies from the third mode onward. This is also due
to the mode shapes, which become more local for higher-order modes, and hence are more
affected by external masses. The pull and release excitation provides more robust estimates
than the hammer, but it is subject to a few limitations:

• The blade tip has been displaced in flapwise, which is not appropriate to identify the
edgewise modes, and especially the torsional ones.

• Pulling the tip causes a displacement similar to the mode shape of the first flapwise mode,
hence this method will not excite well high-frequency modes.

• In order to get a high Signal to Noise Ratio, the tip must be displaced by a considerable
amount. This causes aerodynamic vortices to detach from the leading and trailing edges,
which alter the aeroelastic damping ratio [7]. It is thus expected that the identified aeroe-
lastic damping ratio will be closer to the structural one for the edgewise modes, while
the flapwise ones will have to be corrected, possibly through numerical simulations of
Fluid-Structure Interaction.

In the edge setup, the blade is not equivalent to the other two setups, due to the excitation for
two million cycles. However, the modes discussed in this paper do not seem to be affected by
the accumulated fatigue damage. The MRE and related instrumentation have also increased the
damping ratios.

The frequencies predicted by the HAWCStab2 model match very well the identified ones,
with the exception of the torsional one which is overestimated. By inspecting the mode shapes,
we can see that the modes are highly coupled, which is confirmed by the identification results.

Comparing the results to the ones for the free-free configuration, discussed in Ref. [2], we can
see that the block has lowered all blade frequencies, and increased the coupling of the modes.
This is due to the short length of the blade, which increases the importance of the extremity
solution in the beam problem. For a discussion on the differences between the free-free and
clamped-free configurations, the reader is referred to Ref. [8].
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4 CONCLUSIONS

In this paper, we have assessed the effect of the instrumentation for a fatigue test of a wind
turbine blade. The work has been done by applying experimental methods to a composite wind
turbine blade. The measures have been processed using state of the art system identification
algorithms, to estimate the modal properties. It has been found that the Mass Resonance Exciter
lowers the system frequencies from the third flapwise mode onward, while also increasing the
damping ratios. Future works will involve updating the numerical model, to better represent the
frequency of the torsional mode, and include the structural damping.
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