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Morphing Blades for Fatigue Load Alleviation
of wind and tidal turbines
Introduction

Passive Load Control

Unsteady loads are one of the main cause of failures
in wind and tidal turbines. Therefore, it is essential to
understand how to mitigate these loads to help
manufacturers to design blades capable of
withstanding a longer life, which will ultimately reduce
the levellised cost of energy for energy production.
Trailing edge flaps, whether with a rigid or a
compliant structure are indicated as the most
promising load control system, with performances
comparable to individual pitch control [1,2]. These
devices allow for a local, distributed control action
over the blade and are preferred for their simplicity
and inherent reliability.

SRI International manufactures a novel composite smart material that changes its
flexibility upon the action of an electrostatic force. Composite laminates are clamped
together by applying voltage. Releasing the charge unclamps the laminates, resulting in a
change in the elastic modulus of 3 orders of magnitude. The properties of the material
are modelled by a mass-damper-spring system which governs the trailing edge angle of
the blade. The system is optimised to minimise the load fluctuations on the blade without
compromising the power generated. We consider two physical scenarios: (1) a flexible
trailing edge, where flexibility is independently optimised for every section along the span
of the blade, and (2) a rigid trailing edge connected to the blade by an optimal spring,
which minimises the root bending moment fluctuation (Fig. 2).

Methodology
The blade and the passive control system are
modelled and analysed using a range of
complementary techniques:
1. A low-order code based on blade element
momentum
theory
and
linear
unsteady
aerodynamics. The morphing blades are optimised
to minimise the load fluctuations without affecting
the mean power harvested.
2. CFD simulations are used to validate the 2D
analytical model and to gain further insights on the
underlying fluid mechanics (Fig. 1).
3. Experimental tests are performed on extruded 2D
models, which have the optimal flexibility identified
with the low-order code.

Figure 2 – CAD drawing of the morphing blade tested in a water channel.

Results
The proposed morphing blade allows to cancel the fluctuations of the thrust coefficient
almost completely whilst keeping constant the power extracted.
Figure 3 shows that the rotor thrust imbalance, due to the shear in the onset flow, is
compensated by the optimal tune of the torsional spring connecting the trailing edge. The
average power produced is kept constant.
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Figure 1 – CFD-computed velocity fluctuations
for (a) rigid blade and (b) flexible blade.
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Figure 3 – Distribution of the normalised thrust coefficient for the turbine
with (a) rigid blades and (b) morphing blades.
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