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In this paper the dynamics of a two-bladed turbine is investigated numerically as well as experimentally with respect to
how the turbine frequencies change with the rotor speed. It is shown how the turbine frequencies of a two-bladed rotor
change with the azimuthal position at standstill and how the frequencies change due to rotor rotation. The frequency of the
asymmetric rotor modes changes with multiple P contributions, not only with ±1P, as has previously been seen for three-
bladed wind turbine rotors. A three-bladed turbine is also analyzed in a similar way, and the results are compared. This
turbine is investigated both in a perfect isotropic condition, where all blades have identical properties, and in an imbalanced
edition, where one blade had increased mass.

INTRODUCTION

In the search for more cost-effective wind energy, two-bladed
(2B) turbines seem to have gained a renewed interest. This is
exemplified by the new 3.6MW size of a two-bladed offshore
wind turbine with partial pitch blades by Envision. A prototype
of this turbine has been erected at Thyborøn in Denmark, where
it has been tested since September 2012. One of the main drivers
for this concept is the potential to reduce extreme tower bottom
loads in storm situations by up to 60% compared with a similar
three-bladed (3B) wind turbine. For both 2B and 3B turbines, it
is of utmost importance to be able to predict the structural fre-
quencies at both standstill and operation, as significantly increased
vibration levels can occur if an unfortunate resonance between
the load input frequencies and a low damped structural vibra-
tion mode occurs. For traditional 3B rotors with identical blade
properties (isotropic rotor), this is normally done analytically by
using an eigenvalue solution based on a Coleman transformation
of the equations for the rotating blades (Hansen, 2003). For non-
isotropic rotors (e.g., a 3B rotor with mass imbalance), the Cole-
man transformation method cannot be used. It is instead possible
to use Floquet theory as in Skjoldan and Hansen (2009), where
an anisotropic 3B wind turbine rotor was studied. Floquet the-
ory was also used for a 2B turbine in relation to a stability study
for teeter dynamics (Stol et al., 2002), albeit without any conclu-
sions on natural frequencies. Rotor dynamic analysis for 2B heli-
copters also exists, e.g., with testing a rotor in a vacuum (Srini-
vasan et al., 1990); however, the literature is in general very sparse
within this field of 2B rotor dynamics. Furthermore, the perfor-
mance of 2B wind turbines has previously been investigated, with
main attention to the influence of teeter bearings (Rasmussen and
Kretz, 1992; Larsen et al., 2007). However, in a recent study
(Kim et al., 2014), loads and dynamics were compared between
2B and 3B configurations based on numerical simulations. Camp-
bell diagrams showing the frequencies as function of rotor speed
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were generated based on fast Fourier transform (FFT) frequency
analysis of simulated time series of the wind turbine response.
These spectra were created on the basis of frequency analysis of
the tower top bending moment and shear force
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plotted with a special waterfall plot technique. From this study it
was observed that the rotor mode frequencies change differently
with respect to rotor speed for 2B and 3B rotors, respectively. For
both concepts, the frequency of asymmetric rotor modes changes
mainly with the rotor speed (±1P), which is well known with
respect to 3B turbines and rotors in general (Hansen, 2007; Swan-

Fig. 1 Numerical results from Kim et al. (2014). Campbell dia-
gram of turbine frequencies during rotation for the 2B 3.6 MW
Envision turbine. Some rotor modes split with 1121 0 0 0 1 nP. Top,
full overview. Bottom, zoom view at lowest frequencies. Yellow
and red areas illustrate local energy maxima, hence a natural fre-
quency. Black lines illustrate 1121 0 0 0 110P.


