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Table 1  Physical parameters of an axially moving beam
Name Symbol Value
Young's modulus E 68.9 GPa
Density p 2800 kg/m*
Length L 0.5m
Initial force P, 100 N
Area of cross-section A 107 m?
Inertial moment 1 2.083x107" m*
Damping coefficient c 10 N s/m?
Stiffness of spring K, & Ky 5741.67 N/m
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Fig.2  The first natural frequency
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Fig.3 The second natural frequency
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Fig.4 Effects of spring stiffness on critical velocity
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NONLINEAR TRANSVERSE VIBRATION OF AN AXIALLY
MOVING BEAM WITH VERTICAL SPRING BOUNDARY *

Li Yang' Tan Xia'" Ding Hu' Chen Liqun'?
(1.Shanghai Institute of Applied Mathematics and Mechanics, Shanghai University, Shanghai 200072, China)
(2.Department of Mechanics, Shanghai University, Shanghai 200444, China)

Abstract The transverse vibration of an axially moving elastic beam supported by vertical-spring boundary under
external excitation was studied. By using the generalized Hamilton principle, the governing equation of motion was
obtained. Moreover, the modal analysis was conducted by using analytic method, and the relationship between
natural frequency and axial velocity was revealed. The expression of the critical velocity of the axially moving
beam was derived, and the effect of the spring stiffness on the critical velocity was studied. The critical velocity
converges to a certain value with the increase of the spring stiffness. Furthermore, the amplitude-frequency re-
sponses in steady state were obtained by using the Galerkin truncation method. The vibration isolation perform-
ances of the system were evaluated by the force transmissibility. There are multiple peaks of the force transmissi-

bility under high-frequency external excitations.

Key words axially moving beam, elastic support, critical velocity, amplitude frequency response,

transmissibility

Received 24 March 2018, revised 19 June 2018.
# The project supported by the National Natural Science Foundation of China(11772181) , the “Dawn” Program of Shanghai Education Commission,
(17SG38) , and the Innovation Program of Shanghai Municipal Education Commission(2017-01-07-00-09-E00019).
+ Corresponding author E-mail ; tanxia0108@ 163.com



