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Dynamic Response Analysis of Rotating Functionally Graded
Thin-Walled Blades Exposed to Steady High Temperature and Extemal
Excitation

Byungyoung Oh and Sunsoo Na
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Abstract

This paper is dedicated to the thermoelastic modeling and dynamic response of the rotating blades
made of functionally graded ceramic-metal based materials. The blades are modeled as non-uniform thin
walled beams fixed at the hub with various selected values of setting angles and pre-twisted angles. In
this study, the blade is rotating with a constant angular velocity and exposed to a steady temperature
field as well as extemal excitation. Moreover, the effect of the temperature gradient through the blade
thickness "is considered. Material properties are graded in the thickness direction of the blade according
to the volume fraction power law distribution. The numerical results highlight the effects of the volume
fraction, temperature gradient, taper ratio, setting angle and pre-twisted angle on the dynamic response
of bending-bending coupled beam characteristics and pertinent conclusions are outlined.
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Table 3 Dimensionless flapping natural frequency

@, vs. rotational speed Q

Ref.6
_ — Ref.5 ® P .
0 R, (FEM) o.wer resen
series)
0 0 3.51602 | 3.51602 | 3.51602
1 3.51062 | 3.51602 | 3.51602
1 0 3.68165 | 3.68165 | 3.68166
1 3.8882 | 3.88883 | 3.88882
2 0 4.13732 | 4.13732 | 4.1373
1 4.83369 | 4.83366 | 4.83367
3 0 479728 | 4.79727 | 4.79725
1 6.08175 | 6.08174 | 6.08176
4 0 5.58500 | 5.58501 | 5.58500
1 7.47505 | 7.47496 | 7.47514
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Fig. 3 Dimensionless natural frequency vs. rotational
speed (non-shearable beam model)
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Fig. 4 Variation of the first natural frequency vs.
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Fig. 5 Varation of the bending mode dynamic
response for several volume fraction parameters
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Fig. 7 Variation of the bending mode dynamic

response for the selected rotational speed with
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Fig. 8 Flap-wise dynamic response of pretwisted FGM
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Fig. 10 Dynamic response for the selected tapered ratio
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