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Structural Design of a 750kW Composite Wind Turbine Blade

CXK. Jung, S.H. Park and K.S. Han
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ABSTRACT

A GFRP based composite blade was developed for « 750kW wind energy conversion system of type class
I. The blade sectional geometry was designed to have a general shell-spar structure. The load cases specified
in the IEC61400-1 international specification were considered. For withstanding all relevant extreme loads,
the structural analysis for the complete blade was performed using a commercial FEM code. The static load
carrying capacity, buckling stability, blade tip deflection and natural frequencies at various rotational speeds
were evaluated to satisfy the strength requirements in accordance with the IEC61400-1 and GL Regulations.

For designing a lightweight blade, the thickness and the

lay-up pattern of the skin-foam sandwich structures

were optimized iteratively using the DOT program. T-tolts were used for joining the blade root and the hub,
which were modeled using a 3D FE volume model. In order to confirm the safety of the root connection, the
static stresses of the thick root laminate and the stee bolts were predicted by taking account of the bolt

pretension and the root bending moments. The calculated
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stresses were compared with the material strengths.
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Fig. 1 Typical configuration of wind turbine blade
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Table 1 Material properties

UD Biaxial PUR
prepreg nrenreg foam
E,(MPa) 41600 22000 70
E,(MPa) 7300 22000 70
v 0.3 0.3 0.2
G1(MPa) 4000 5500 19
p(kg/m’) 1768 1518 119
SL(MPa) 959 401 -
e(%) 2.15 2.12 -

Foam & Z& PVC Y PU(polyurethane)® T+ Al
gk Q47| E PU & AMEaEgon, sjAd] AL
g 74 g 242 Tablel 3 2
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Table 2 Flapwise deflection and maximum stress/strain

Wind Deflection[m] Max.
_Speed[m/s] Stress[Mpa]
10 1.45 41.6/-33.8
25 1.30 38.3/-32.6
70 2.14 82.1/~79.7
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Fig. 2 Stress contour for 70m/s wind (skin)
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Fig. 3 Stress contour for 70nvs wind (web)
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Fig. 5 Composition of T-bolt connection
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Fig. 7 Stress contour of T-bolt
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Table 3 Maximum stress and strength of T-bolt
connection

Max. Strength SF
Stress[Mpa] [Mpa] o
L Root 44/-230 690/-900 6.5
aminate
Bolts 809/-376 1040 1.3
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