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Abstract:
Currently, the majority of the turbine blade industry uses the low budget, hand lay-up manufacturing
technique to process composite blades. The benefits of hand lay-up include the ability to fabricate
large, complex parts with a quick initial start-up. Yet, the drawbacks of the hand lay-up technique
suggest that other methods of composites manufacturing may be more desirable in industrial-scale,
wind turbine blade fabrication.

Resin transfer molding (RTM) was identified as a processing alternative and shows promise in
addressing the shortcomings of hand lay-up in turbine blade manufacturing. The current study
compares and evaluates both processes according to fundamental criteria and mechanical performance
for a variety of fabric reinforcements, lay-up schedules and turbine blade critical structures. The
geometries investigated were flat plates, thin flanged T-stiffeners with skin intersections, thick flanged
T-stiffeners, I-beam load carriers, and sample root connection joints. The variables that were explored
and compared according to process included laminate thickness, fiber volume, cycle time, and porosity.
Flat plates were tested under five typical loading conditions: transverse tension, compression,
three-point bending, axial tension, and fatigue. The variety of three-dimensional substructures were
also tested mechanically to determine what effects processing might have on structural performance.

In this study it was found that process played an important role in laminate thickness, fiber volume, and
weight for the geometries investigated. RTM was found to reduce thicknesses and improve weights for
all substructures. In addition, RTM processing resulted in tighter material transition radii and
eliminated the need for most secondary bonding operations. These observations were found to
significantly reduce weight for complex structures. Hand lay-up was consistently slower in fabrication
times when compared to RTM for the manufacturing of the specimens tested in this study. Computed
Tomography (CT) technology was introduced as a means to measure porosity for specimens of
different processing. However, the current efforts in characterizing porosity via CT suggest further
refinement.

Analysis of the mechanical testing results for flat plate specimens demonstrated that vacuum-assisted
RTM specimens performed notably better than their hand lay-up counterparts for a variety of
properties. Yet, thickness played a critical role in comparing the mechanical test results of flat plate
specimens. Variations in thickness had the tendency to bias the structural performance results
according to process and as a result, fiber volume normalizing techniques were introduced. Specimen
normalization was found to reduce the measurable differences between flat plate test results for
specimens manufactured by the different processes. It was also noted that in most cases reinforcement
played a more instrumental role in mechanical performance than process. Substructure tests
demonstrated that differences in processing methods affected specimen mass and moment of inertia.
These properties were greater for the hand lay-up specimens and resulted in improvements in ultimate
strength and initial damage when compared to RTM substructures. The current root specimen design
does not show significant differences according to process and exceeds all static and fatigue



requirements. 
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