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Fig.1 Physical model of functionally graded beam
with an axial velocity
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Fig.2  Evolution of the absolute residual of the
multi-symplectic structure
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Table 1 ~ Comparision of the first six frequencies ( Hz)
k Mode No. DOM CMM SPM
Ist 18.0385 18.0385 18.0385
2nd 72.5801 72.5339 72.5339
0.001 3rd 161.1975 160.0018 160. 0018
4th 289. 8806 286.2147 286.2142
Sth 458.9380 452.7311 452.7096
6th 666.2039 659.9018 659.3089
S st 97849 9.7849  9.7848
2nd 32.9091 32.2286 32.2259
100 3rd 80.3610 78.4392 78.4298
4th 148.1315 144.3618 143.8100
5th 237.2027 231.2156 230.9035
6th 346.7738 338.8033 338.3271
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STRUCTURE-PRESERVING ANALYSIS ON TRANSVERSE VIBRATION OF
FUNCTIONALLY GRADED BEAM WITH AN AXIAL VELOCITY *

Liu Tao' Zhou Yangxin® Hu Weipeng”
(1. Yulin City Investment Construction Development Co. , Lid. , Yulin 719000, China )
(2. School of Civil Engineering and Architecture, Xi’ an University of Technology, Xi’ an 710048, China )

Abstract  The axial velocity and the material’ s heterogeneity introduce the great challenge on the vibration a-
nalysis of the functionally graded beam with an axial velocity. In this work, the dynamic model of the transverse
vibration of the functionally graded beam with an axial velocity is reviewed in brief firstly. Based on the dynamic
symmetry breaking theory and the generalized multi-symplectic method for the infinite-dimensional system, a
structure-preserving numerical scheme for the dynamic model is developed. In the numerical simulation, the criti-
cal step length satisfying the generalized multi-symplectic condition is obtained with the given material parame-
ters. The first six frequencies of the transverse vibration model are presented employing the differential quadrature
method, the complex modal method and the structure-preserving method respectively. From the numerical re-
sults, it can be found that the first six frequencies obtained by using the structure-preserving method are highly
consistent with those obtained by using the complex modal method. To improve the precision of the differential
quadrature method, the main factors resulting in the error are investigated. The main contribution of this work is
proposing a new approach to analyze the complex dynamic problem like the transverse vibration of the functionally

graded beam with an axial velocity considered in this paper.

Key words structure-preserving, functionally graded beam with an axial velocity, symmetry breaking,

generalized multi-symplectic, transverse vibration
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