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ABSTRACT

In this paper, a new dynamic model for modal analysis of a rotating cantilever beam with a

tip-mass is developed. The nonlinear strain such as von Karman type and the corresponding line-

arized stress are used to consider the geometric nonlinearity, and Euler-Bernoulli beam theory is ap-

plied in the present model. The nonlinear equations of motion and the associated boundary con-
ditions which include the inertia of the tip-mass are derived through Hamilton's principle. In order to

investigate modal characteristics of the present model, the linearized equations of motion in the

neighborhood of the equilibrium position are obtained by using perturbation technique to the non-

linear equations. Since the effect of the tip-mass is considered to the boundary condition of the flex-

ible beam, weak forms are used to discretize the linearized equations. Compared with equations re-

lated to stiffening effect due to centrifugal force of the present and the previous model, the present

model predicts the dynamic characteristic more precisely than the another model. As a result, the

difference of natural frequencies loci between two models become larger as the rotating speed

increases. In addition, we observed that the mode veering phenomenon occurs at the certain rotating

speed.
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Fig. 1 Rotating cantilever beam considering tip-mass
with rotating speed Q)
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Table 1 Convergence tests of the dimensionless natural
frequency of the axial and chordwise motion,
Tan, when =1, y =10, 6=1, =70

N Ist 2nd 3rd 4th

1 11.7 65.7749 - -

2 11.1649 60.7982 64.6076 262.596

3 10.9751 60.7778 64.04 123.694

4 10.9027 60.1142 63.7189 123.342

5 10.8671 60.0468 63.5479 121.988

6 10.849 59.9203 63.4312 121.985

7 10.8387 59.8950 63.3513 121.697

8 10.8326 59.8583 63.2909 121.692

9 10.8287 59.8491 63.2448 121.601

10 10.8262 59.8358 63.2078 121.598
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