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Abstract: By projecting the aero-elastic modes of the mistuned bladed disk to the modal space
spanned by the tuned modes, a closed-form expression of the mistuned aerodynamic damping ratio as a
linear superposition of the tuned damping was obtained. It was theoretically demonstrated that: a mistuned

aero-elastic mode was constructed by several tuned and independent modes; and the contribution of the
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tuned modes with high aeroelastic damping can increase the aeroelastic damping of the mistuned mode. A

method to predict the aerodynamic damping ratio of the mistuned bladed disk was proposed. It started with

respective analysis of aero-elastic coupling and mistuning, and the aerodynamic damping ratio of the

mistuned modes can be predicted. A single-time aeroelastic analysis was required for two significant

benefits. One is reducing the experimental measurements and the other is decreasing the calculation cost to

accelerate the optimization process of mistuning pattern. The bladed disk with NASA-Rotor37 blade

profile was considered, and several typical mistuning patterns were applied with different levels of

mistuning strength. Results showed that the closed-form expression had an error lower than 0.1%. The

prediction method would overrate the stability boundary with error lower than 5%, so it is capable to

capture the overall trends of the accurate results.

Keywords: bladed disk (blisk); intentional mistuning; aero-elastic stability; modal mapping;

quantitative analysis
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