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A Finite Element Analysis for a Rotating Cantilever Beam
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Abstract

A finite element analysis for a rotating cantilever beam is presented in this study. Based on a dynamic
modeling method using the stretch deformation instead of the conventional axial deformation, three linear
partial differential equations are derived from Hamilton’s principle. Two of the linear differential equations
show the coupling effect between stretch and chordwise deformations. The other equation is an uncoupled one
for the flapwise deformation. From these partial differential equations and the associated boundary conditions,
two weak forms are derived: one is for the chordwise motion and the other is for the flapwise motion. The
weak forms are spatially discretized with newly defined two-node beam elements. With the discretized
equations or the matrix-vector equations, the behaviors of the natural frequencies are investigated for the
variation of the rotating speed.
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Fig. 1 Configuration of a rotating cantilever beam
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Fig. 3 Finite elements for (a) the chordwise motion and
(b) the flapwise motion
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Table 1 Convergence characteristics of the dimensionless
natural frequencies for the chordwise motion
when §=7=0 and a=70

No. of Bending modes
element & 2nd 3rd 4ih
20 3.516 22.035 61.697 120.769
40 3.516 22.035 61.697 120.902
60 3.516 22.035 61.697 120.903
80 3.516 22.035 61.697 120.844
100 3.516 22.035 61.697 120.902
Exact 3.516 22.035 61.697 120.902
No. of Stretching mode
element I ond
20 110.395 417.773
40 109.963 387.057
60 109.959 331.418
80 109.958 363.817
100 109.957 330.880
Exact 109.956 329.867
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Table 2 Comparison of the first dimensionless natural
frequencies for the chordwise motion when

a=70

14 (N =100) Ref. (6)

0 2 3.620 3.620
10 4.970 4.970

50 7.334 7.554

1 2 4.398 4.398
16 13.048 13.049

50 41.228 41.379

5 2 6.643 6.643
10 27.266 27.276

50 74.003 74.195
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Fig. 4 Variation of the dimensionless natural
frequencies for the dimensionless rotating speed

y when 4=0, 0=0.1 and a=70: (a) the

chordwise motion and (b) the flapwise motion
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Fig. 5 Deformation time historics at &=1 for the

rotating speed profile: {a) the the stretch
deformation, (b) the chordwise deformation, and
(c) the flapwise deformation
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