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Abstract 

Fatigue design optimization of composite material structures is limited by the classical approaches used, derived from knowledge 
based on metal fatigue. Other approaches exist to describe damage mechanisms of composites but they cannot always be applied 
at the structure scale because of their complexity. However, assumptions can be made in the case of beam structures to reduce the 
structural investigation at the section scale. With these assumptions this paper proposes to compare a progressive fatigue damage 
model written at the ply scale to the normative approach for the assessment of wind turbine blade section design. It is shown that 
the normative approach is very conservative and the progressive fatigue damage model provides very useful information to 
understand damage propagation at the structure scale. 
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1. Introduction 

At the present time, the wind power industry is facing the double challenge of further increasing the size of 
turbines for off-shore production and making them lighter for land-based production, so that they can be adapted for 
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use in less windy areas. The main stumbling block has been identified in the hope that the design of the blades can 
be optimised to meet these challenges, and it concerns the precision of their design under fatigue.  

A wind turbine blade is generally designed to be in rotational operation for 20 years in wind fields that by their 
very nature are variable. This creates structures that are highly subject to fatigue. We are talking about 108 cycles 
approximately, which makes fatigue over a long lifetime the main design  criterion [1]. In addition to high resistance 
to fatigue, the material used for the blades should have a low mass, which has a direct impact on stress, sufficient 
stiffness so that it does not impair the aerodynamic properties of the turbine, and a cost that makes wind energy 
competitive. With all these elements combined, it soon became clear that glass fibre non-crimp fabrics (NCF), with 
possibly carbon fibres locally with polyester or epoxy matrices, were required for medium and large sized blades. 
Although long fibre composites have high resistance to fatigue, there is as yet no commonly accepted design method 
devoted specifically to these materials and the normative approach currently used in the context of blade 
certification is based on a transposition of existing knowledge of the fatigue behaviour of metals [2]. In this study, 
the normative approach is compared with a progressive fatigue damage model written at the ply scale. 

2. Calculation methods 

2.1. Calculating stresses at the section scale 

Stresses in the blade are traditionally calculated section by section based on assumptions of the behaviour of 
beam structures. First, it is assumed that the blade sections remain flat and perpendicular to the neutral fibre (Euler 
Bernoulli beam theory). From this, we formulate a relation between longitudinal strain xε  on the laminates in the 
section, under tensile loading and bending, and strain in the section expressed in the form of axial strain a (in 
mm/mm) and bending strains (b, c) (in mm-1): 

BBx ycxba .. ++=ε    (1)

where x is the longitudinal axis of the laminate which coincides with the longitudinal axis of the blade zB. xB and 
yB are the coordinates of the laminated element of the section within the blade coordinate system (xB, yB, zB) (Fig. 
1.a). 

Assuming that the laminates are subjected to in-plane stress state (σz = 0), membranous (constant strain in the 
thicknesses of the laminates), and where σy = 0, it can be shown that for a section formed of balanced laminates its 
bending-traction behaviour can be expressed in the form: 
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where <EA>, <EmX>, <EmY>, <EIXX>, <EIYY> and <EIXY> are the terms for the stiffness matrix of the section [3]. 

(a)       (b) 

Fig. 1. (a) Markers and notations to describe a blade section under bending and traction 
(b) Shear flow in a section of wind turbine blade made up of 3 closed cells 
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By disregarding the transverse loads, the shear flow in the section, shaped by balanced laminates, is linked with 
the torsional load on the blade (Fig. 1.b). Assuming that shear flow qi is constant in each cell of the section, which 
can be assumed for thin composite skins, it can be shown that the shear flow for each cell is proportional to the 
rotation ψ  (in rad/mm) of the section: 

[ ] ψδ Ω= −12q    (3)

where Ω  is the sector area of the section and δ  is the matrix defined by the following equations [4]: 
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Finally, by the integral of the shear flow across the section, we obtain: 

[ ] ψδ ΩΩ= −14 T
zBM    (5)

Note that when the laminates in the section are not balanced or are damaged in an asymmetrical way, coupling 
between the longitudinal and shear behaviour of the laminates leads to a coupling between the traction-bending 
behaviour and the behaviour under torsion at the section scale. This is expressed in a behaviour equation as follows: 
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where the coupling terms of the stiffness matrix [K] are non-zero terms. 
Note that with these assumptions, the strain state of each laminate in the section is known from its behaviour and 

the displacement of the section (a,b,c,ψ). This displacement is known for a torsor of internal forces (FzB, MyB, MxB, 
MzB) at the section scale. Stresses at the ply level or laminate level are then obtained from the behaviour of each of 
them, based on their strains. 

2.2. Fatigue design using the normative approach 

The normative approach described here is based on the recommendations of the DNV-GL certification body [5]. 
A flow diagram of this approach is given in Fig.2.a. Before analysing the blade under fatigue, a representative 
annual loading sequence must first be defined for the turbine by calculating loads. This is done by carrying out a 
dynamic simulation of the whole turbine under wind and operating conditions supplied by the certification bodies. 
The loads applied to the blades are of different origins: aerodynamic pressure of the wind on the external surface, 
gyration stresses, gravity, stresses related to the turbine control; and they generate a multiaxial and non-proportional 
loading at the scale of the structure [6]. Therefore the cycles counting cannot be based on the history of the load at 
the structure scale. It has to be based at the laminate scale. 

The history of the longitudinal stresses is therefore calculated at the scale of the laminates in the section 
according to the method described above. Cycles are counted for each laminate element in the section using the 
Rainflow method. This method identifies cycles of stresses of constant amplitude from their average stress im

x
,σ  and 

their amplitude ia
x

,σ  in the loading sequence, and their occurrence ni over the time period considered.  
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