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Summary:  

In a quest to achieve lighter and more efficient turbomachines carbon fiber has emerged as an alternative 

material due to its lightweight and anisotropic properties. The anisotropic nature has fuelled the curiosity to 

investigate if it can be used to enhance mechanical performance and provide aeroelastic stability where 

traditional titanium blades would fall short of requirements. 

 

The current project aims to investigate the effects of using carbon fiber blades on the aeroelastic (flutter) 

stability of a first-stage compressor rotor blade. In the purview of the project, a composite blade model is built 

in Ansys ACP following composite design guidelines. A steady aerodynamic analysis is performed at an off-

design point of interest and the obtained pressure loads are imposed in modal analysis to get modal results 

for the 1st bending and 1st torsion mode. The mode shapes are used in the flutter analysis to quantify 

aerodynamic damping which indicates the flutter stability. 

 

A parametric study is conducted to investigate the effect of change in ply orientation of composite stackup on 

the static and modal properties and eventually aerodynamic damping of the blade. A set of cases are defined 

with different ply orientations and the stability is investigated for each case. It is found that an increase in plies 

with an orientation angle of 45o tends to increase the stability of the blade for the 1st bending mode. Also, the 

placement of more 45o plies towards the outer surface of the stackup provides higher stability. Overall a lower 

twisting and higher frequency are favorable for 1st bending mode. This conclusion is not strongly observed for 

1st torsion mode. However, a lower value of angles is observed to deviate the vibration behavior from the 

classical first torsion mode and cause a shift in the least stable nodal diameter to higher values. A stable 

stackup in one mode could be unstable in another and thus the dependency on ply angle and arrangement of 

plies on aerodamping is observed to be complex and investigation in other ply angles and experimental 

validation is deemed necessary. 

 
       A) Mode 1: 1st bending mode             B) Mode 2: 1st torsion mode 

       

      Figure 1: Aerodynamic damping work plotted against nodal diameter for 1st two modes of vibration 


