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Fig. 1  CAD model and structural parameters of reference blade
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Fig. 2 Modeling process of bionic blade CAD model
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Table 1  Properties of materials
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Table 3 Design moments for three wind yaw angles

kN-m
P A 1 +15° 0° -15°
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Table 4 Comparison of blade structure parameters
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WS E 17740 20.47 1.18

AL 17814 20.34 1.19
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Fig. 6 Energy-time curves for damage simulation
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DAMAGE ANALYSIS OF COMPOSITE WIND TURBINE
BLADE BASED ON BIONIC STRUCTURE

Shou Haonan', Miao Weipao'?, Fan Shijie', Xu Zifei'’, Li Chun'?, Yue Minnan'’
(1. School of Energy and Power Engineering , University of Shanghai for Science and Technology , Shanghai 200093, China;
2. Non-carbon Energy Conversion and Utilization Institute , Shanghai 200240, China;

3. Risk and Reliability Institute, University of Liverpool , Liverpool 1.69 7ZF, UK)

Abstract: To reduce the weight of large wind turbines, structural stiffness is often compromised, leading to local buckling instability
and trailing edge structural damage in composite blades under large-scale deformation. To address this issue, this paper introduces an
inner rib structure for wind turbine blades to examine its effectiveness in improving resistance to buckling-induced damage. Structural
damage response analysis was conducted using the explicit dynamic method under ultimate load conditions at extreme wind speeds and
three yaw angles. The results indicate that trailing edge damage in blades is primarily a buckling-driven process, with significant trailing
edge buckling occurring only when bending moment loads are applied at specific angles. The support provided by the inner rib in bionic
blades localises damage to the transition section, effectively preventing its progression to the blade root section. Under tensile loads,
damage concentrates in the trailing edge of the transition section, whereas under compressive loads, damage propagates laterally along
the main beam. The buckling resistance of composite layers varies with ply angles, resulting in distinct damage patterns.

Keywords: wind turbine blades; bionic; composite materials; buckling; 2D-Hashin criterion



