
Optimization of the resin properties could offer a substantial boost to wind 
turbine blade transverse and shear strength. Failure modes with complex 
deformations, such as twisting, experience high transverse and shear stress-
es that can cause delamination or trailing edge splitting. The composites 
resistances to these stresses are heavily dependent on the resin mechanical 
properties. Micromechanical models that could be used to predict composite 
stiffness properties and guide resin research efforts are critically inaccurate 
for transverse and shear response. A more reliable micromechanical model 
needs to be developed that can be used to characterize the influence of the 
resin properties on a full scale turbine blade. 

Traditional micromechanical models were examined for discrepancies and 
improved upon using a newly developed model called the Continuous 
Periodic Fiber Model (CPFM). The model was validated using experimentally 
obtained data provided by TPI Composites. The difference between the 
measured moduli and the CPFM determined moduli is 3% for the axial 
tensile modulus, 12% for transverse, and 3% for shear. This is twice the 
accuracy of the next best model. A tool was created in MATLAB that 
performs the modulus prediction and applies layup adjustments to 
accurately determine the effective composite properties using several 
micromechanical models, including CPFM. The sensitivity of the results 
indicate the need for an accurate micromechanical model, namely CPFM, in 
order to correctly analyze the influence of resin on the blade response. 

A numerical study was performed to determine the effective composite 
stiffness dependence on the resin properties. The study was performed for 
several resin modifications and layups so that a catalog of expected 
influence factors could be created. An increase of the resin Young’s modulus, 
and proportionally its shear modulus, was determined to be the most 
beneficial pathway to improving the composite transverse and shear 
response. For a 20% increase to the matrix Young’s modulus, the 
composite’s effective transverse and shear moduli rose by 16%. Applying 
this enhanced resin in structural analysis of a utility scale wind turbine blade 
presented various distinct advantages, such as higher calculated buckling 
load and higher structural rigidity (as measured by tip displacement for a 
unit load). 

This research indicates that optimization of the resins used to produce 
composite wind turbine blades is a suitable pathway to strengthen blades 
against transverse and shear failure modes. Researchers and manufacturers 
can use the tool and analysis results to determine whether materials with 
enhanced properties can be economically introduced and enable the poten-
tial advances to blade design that result.
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