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Dynamic Analysis of a Multi-beam System Undergoing Overall
Rigid Body Motion Employing Finite Element Method

Shin Choi and Hong Hee Yoo
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Motion(4#] &%), Modal Analysis(ZZ 3]14]%]), Modal Coordinate Reduction( ==

HE FH)

Abstract

Equations of motion of a multi-beam system undergoing overall rigid body motion are derived by
employing finite element method. An orientation angle is employed to allow the arbitrary orientation of
the beam element. Modal coordinate reduction technique, which has been successfully utilized in the
conventional linear modeling method, is employed for the present modeling method to reduce the
computational effort. Different from the conventional linear modeling method, the present modeling
method captures the motion-induced stiffness variations which are important for the dynamic analysis of
structures undergoing overall rigid body motion. The numerical results are compared to those of a
commercial program to verify the reliability of the present method.
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Table 1 Numerical data used for the simulation

Notations Description Numerical Data
o mass per unit length 1.2 [kelm]
E Young's modulus 7.0E10 [N/m?)
A cross section area 4.0E—4[m?]

Second area moment s
I _ 2.0E-17[m"]
of inertia
Steady state angular
£, Y i £ 6{ rad/ sec}
velocity
Steady state settling
T, ) 15 [ sec]
time
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Fig. 2 Lateral deflection of a single straight beam
(at the free end)
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Fig. 3 Lateral deflection of a double straight beam
(at the free end of the second beam)
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Table 2 Comparison of simulation times

Simulation Full Reduced
models modeling modeling
10m straight beam | 713.2 sec 2.3 sec
5m:5m straight beam
871.7 sec 3.5 sec
10m:1m right angle
ght ang 786.4 sec 3.3 sec
beam
10m:2m right angle
ght ang 794.2 sec 3.3 sec
beam

06

£ o3t

]

2

§ 0.0 —— FEM(full)

E ----- FEM(reduced)
]

-0.3

06

L s L
0 5 10 15 20 25 30

Time[sec)

Fig. 7 Lateral deflection of a right angle beam
(at the end of the first beam)
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