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Vibration Characteristics of Rotating Composite Blades with Initial Twist

Young-Joong Kee*, Ji-Hwan Kim**

ABSTRACT

Vibration analysis of rotating blade is the main purpose of the present study. In this study, general
formulation is performed for rotating shell structures including the centrifugal force, Coriolis acceleration and
initial twist. Furthermore, simplified equations are derived for the case of an open cylindrical shell. Based on
the concept of degenerated shell element with the Reisser-Mindlin’s assumptions, the finite element method is
adopted for solving the problems. In addition, it is investigated the effect of the stacking sequence of the
composites on the vibration characteristics of the blade. The results are summarized for the various
parameters such as the speed of rotation and pre-twist of the blade. Also, present results are compared with the

previous works and experimental data.
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Figure. 1 Geometry and deformation of the degene-
rated shell element
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Figure. 2 Rotating blade with the offsets from a
reference frame
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Table. 1 Comparison with the frequency parameter (A1)
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Table. 2 Comparison with the frequencies of the blades (Hz)

ph!D

¢ Mode Shell Plate Plate Beam
Present Present 91 9

1B 5.26 3.49 3.46 3.35

2B 25.07 22.01 21.44 20.73

0’ 1T 8.61 8.51 8.53 6.43

1EB 43.84 43.62 46.14 42.17
1CB 28.46 27.33 27.05 -

1B 424 3.42 3.41 3.32

2B 23.44 19.51 18.88 18.21

30° 1T 13.69 14.43 16.88 15.42
1EB 47.48 4748 49.60 45.56

1CB 27.23 27.41 27.98 -
1B 4.01 3.35 3.36 3.29
2B 15.77 17.22 16.51 16.19

45° 1T 22.51 20.45 22.31 21.99
1EB 49.74 49.74 54.00 45.56
1CB 27.83 28.76 30.40 -

Ny Q=00 Q=10
ode
Exp. [1] Present Anal. [1] Present
1 85.94 85.34 150.98 150.61
2 137.8 139.48 170.28 170.61
3 248.6 251.81 301.94 340.46
4 342.9 347.77 418.24 410.67
5 387.4 391.63 463.48 456.23
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Figure. 3 The variations of frequency as a function of
rotating speed and angle of twist
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Figure. 4 The variation of fundamental frequency of the
composite blade
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Figure. 5 The effect of stacking sequence upon the
initially twisted blade
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