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Fig. 1 Schematic of an axially moving beam with a tip mass
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Table 1  Frequency comparison

v = 10m/s v = 300 m/s
parameter 7, /Hz /, /Hz /s /Hz £y /Hz
m = 0, FEM 7.13 45.08 152.5 125.2
m = 5kg, FEM 6.24 40.67 137.1 113.6
m = 25 kg, FEM 436 35.45 124.8 98.57
m = 0, analysis 7.18 44.68 125.0 1223
m = 5kg, analysis 6.37 40.45 115.3 112.4
m = 25 kg, analysis 4.78 35.43 106.4 103.5
3B 4
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TR I 5K E’Jlﬁlﬁﬁ$%ﬁ.uz I A A S WA R IR UL B8 IR 3 e oz, AR A A e T Y
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Vibration Characteristics of an Axially Moving
Variable Length Beam With a Tip Mass
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Abstract. A semi-analytical method and a numerical method were used to investigate the vibra-
tion characteristics of an axially moving variable length ( velocity) beam with a tip mass. First,
the equation of transverse free vibration for the axially moving Euler beam was simplified. The
eigenequation was derived with the complex modal analysis method. Moreover, the frequency e-
quation was obtained under the boundary conditions with a tip mass. The numerical method
was used to calculate the natural frequencies and modal shapes. Then, the equation of trans-
verse free vibration was also derived with the finite element method ( FEM). The complex ei-
genvalues and eigenvectors were obtained as solutions to the complex matrix equation, and the
complex modal displacements were given through combination with the shape functions. Final-
ly, the results from these 2 methods were comparatively analyzed. The numerical example illus-
trates that different velocities and tip masses influence the beam vibration characteristics signifi-

cantly. The calculated results from the 2 methods are close to each other and effective.

Key words: axially moving beam; variable length; tip mass; vibration characteristic

Foundation item: The National Natural Science Foundation of China(11172229)



