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Dynamic Analysis of Constrained Mechanical System Moving
on a Flexible Beam Structure (II) : Application
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ABSTRACT

Recently, it becomes a very important issue to consider the mechanical systems such as high-speed vehicle and
railway train moving on a flexible beam structure. Using general approach proposed in the first part of this paper, it is
possible to predict planar motion of constrained mechanical system and elastic structure with various kinds of foundation
supporting condition. Combined differential-algebraic equations of motion derived from both multibody dynamics
theory and Finite Element Method can be analyzed numerically using generalized coordinate partitioning algorithm. To
verify the validity of this approach, results from simply supported elastic beam subjected to a moving load are compared
with exact solution from a reference. Finally, parameter study is conducted for a moving vehicle model on a simply

supported 3-span bridge.
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Fig. 1 Constrained multibody system moving on a
flexible beam structure
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Fig. 3 Simply supported beam subjected to a moving
concentrated load
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Table 1 Material properties and other conditions of the
moving load model

Symbol Description Value
EI flexural rigidity (N.m?) | 4.03x10°
M, mass of elastic beam 50.47
(kg/m)
A cross section area (m?) | 6.4x107
L span length (m) 6.25x10!
\ moving speed (km/h) 37
P, moving load (kgf) 349
0.0
02 b Reference (6]
F 4 glement (Proposed)
o4k
w
< -0.6
o
0.8 |
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Non-dimensional Time (t/z,)
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Fig. 4 Dynamic Amplification Factor of the moving
load model
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Fig. 5 Velocity effect of the Impact Factor according to
element increment
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Table 2 Contact properties of the moving mass model
Symbol Description Value
Y ’ dulus of th
oung. s modulus of the 206.0
E moving mass (GPa)
Young’s modulus of the
205.6
beam (GPa)
Poi tio of th
01sson. ratio of the 0.26
v moving mass
Poisson ratio of the beam 0.30
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Fig. 8 Vehicle moving on a 3-span bridge

Table 3 Vehicle data

Symbol Value
m, (kg) 500
I, (kg.m?) 70
m,, m, (kg) 350
I,, ], (kg.m%) 10
k,, k, (N/m) 2.0x10°
c,, ¢, (NZs/m) 2.0x10°
L (m) 3
h, (m) 0.22
h, (m) 0.2
h, (m) 0.1
b, (m) 0.15
b, (m) 0.45
b, (m) 0.3
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Fig. 9 Vertical mid-span deflection of the second beam
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