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Thermal Effect on the Vibration Characteristics of Pretwisted Rotating Blade
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ABSTRACT

Vibration analysis of rotating blade is the main purpose of this study. In the present work, general formulation is proposed to
analyze the rotating shell-type structures including the effect of centrifugal force, Coriolis acceleration and initial twist. Furthermore,
simplified equations are derived for the case of an open circular cylindrical shell. Based on the concept of degenerated shell element
with the Reissner-Mindlin's assumptions, the finite element method is adopted for solving the governing equations. In addition, it is
investigated the effect of thermal load on the vibration characteristics of pretwisted blade. Numerical results are summarized for the
various parameters such as rotating speed, angle of pretwist and stacking sequence of a composite blade. Also, present results are

compared with the previous works and experimental data.
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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 (4 )
of a beam and plate blade model, A =wa’\/ph/D

Plate Plate

v Mode Present [14]
1B 3.49 3.46

2B 22.01 21.44

0 1T 8.51 8.53
IEB 43.62 46.14

1CB 27.33 27.05

1B 3.42 3.41

2B 19.51 18.88

30° 1T 14.43 16.88
IEB 47.48 49.60

1CB 27.41 27.98

1B 335 3.36

2B 17.22 16.51

45° 1T 20.45 22.31
1EB 49.74 54.00
1CB 28.76 30.40
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Figure 3 Natural frequency of a non-rotating blade
versus radius to length ratio
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Table 2 Comparison of the frequency parameter (A )
of shell and plate model: ( E=200GPa, p=7, 860kg/nt,
v=03, a=b=30.5cm, t/a=1/100)

w Shell Plate
Mode (Ry=2a) (Ry=00)

1B 5.26 3.49

2B 25.07 22.01

0’ 1T 8.61 8.51

IEB 43.84 43.62

1CB 28.46 27.33

1B 4.24 3.42

2B 23.44 19.51

30° 1T 13.69 14.43

1EB 4748 47.48

1CB 27.23 2741

1B 4.01 3.35

2B 15.77 17.22

45° 1T 22.51 20.45

1EB 49.74 49.74

1CB 27.83 28.76
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Figure 4 Variation of frequency parameters versus
rotating speed and angle of pretwist
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Table 3 Natural frequencies (Hz) of a steel fan blade as
a function of rotating speed

Ref. [4] Present Study (2)
Mode
(Q2=1.0) 0.0 1.0 1.5 2.0
1 150.98 85.34 150.61 182.72 213.61
2 170.28 139.68 170.61 254.41 317.71
3 301.94 251.81 34046 536.09 695.58
4 418.24 34777 41067 56724 707.76
5 463.48 391.64 456.23 589.14  898.32
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Figure 6 Effect of stacking sequence upon the

pretwisted rotating blade ( =0°, 30°)
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Table 4 Frequency parameters of composite plates
upon the stacking sequences :( E;; =98.0GPa, E,, =79GPa,
G, =5.6GPa , Gy =Gy, =Gy, p=1,520kg/n’, 1, =028,
Ply Thickness: 0.381mm)

Ply Ref. [16]
Mode Present
Layups FEM.sol.  Experiment

1B 3.97 3.8 3.7

[90/90/01s 2B 25.7 239 243
1T 35.9 35.1 38.2
1B 6.7 6.3 6.6

[30/30/0]s 2B 40.6 373 40.1
1T 61.5 56.9 59.1
1B 5.1 49 4.8

[45/45/0]s 2B 32,6 30.1 29.8
1T 52.6 494 51.3
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Figure 7 Comparison of present FEM solution with the
analytical solution
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Table 5 Natural frequency (#z) of a rotating shell-type
blade with the angle of pretwist and temperature change:

(y=0, 30", 45 ,Q=1.0)

Angle of pretwist

Surrounding
T ture (K

emperature (K) o 15° 30°
300 171.968 200.692 320.513
350 171.161 200.105 320.101
400 170.199 199.347 319.667
450 168.918 198.569 319.209
500 166.734 197.689 318.724
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Figure 8 Effect of temperature change upon the natural

frequencies (Hz) of a cantilevered shell-type blade:
(Aluminum-Alloy 2024 6-T: E=75.0GPa, v=0.33,

a=Tx10%/K, v=033, k=ITW/mK, p=2,710kg/nr)
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