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Finite Element Modeling of 2-stage Axially Deploying Beams Vibrating Under Gravity

Won-Sang Yun', Gyu-Hyun Bae’, Hee-Rak Beom'', Seong-Wook Hong*

Abstract

Multi-stage deploying beams are useful for transporting parts or products handling in production lines. However, such
multi-stage beams are often exposed to unwanted vibration due to the presence of their flexibility and time-varying properties.
This paper is concerned with dynamic modeling and analysis of 2-stage axially deploying beams under gravity by using
the finite element method. A variable domain finite element method is employed to develop the dynamic model. A rigorous
method to account for engagement of two-stage beams during the deploying procedure is introduced by breaking the entire
domain into three variable domains. Several deploying strategies are tested to analyze the residual vibrations. Several

examples are illustrated to investigate the self-induced damping and the effects of deploying strategy on the vibrations.
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(b) after deploying

Fig. 1 Deploying beam robot
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Fig. 2 Schematic diagram of a simple deploying beam
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Fig. 3 Coordinates system for a finite element
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Table 1 Simulation parameters of the numerical model

Parameter Symbol Value
Material Al Aluminum
Initial Length(m) LO 0.26
Initial Deformation(m) % 0
Deploying Velocity(m/s) v 0.44
Deploying Time(s) ac‘c/dec 0.05
uniform 1
Material Density(kg/m’) p 2770
Young's Modulus(GPa) E 69
Cross Section Area(mz) A 0.04 < 0.002
Area Moment of Inertia I 0.04<0.002°/12
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Fig. 4 Time responses for initial conditions from the proposed
model and the reference data
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Fig. 5 Schematic diagram of deploying beams under gravity
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Fig. 6 Simulation result of lateral vibration for deploying beam
under gravity
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Fig. 7 Comparison of self-damping effects with the velocity varied
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Fig. 9 Validation of the 2-stage deploying beam model by
comparison with the simple deploying beam



Table 2 Enrors between the 2-stage deploying beam model
and the simple deploying beam as the number of
elements increases

Number of elements Error(%)
3 0.1739

6 0.0128

9 0.0037
0.917x10°
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Fig. 10 Cross sections for the 2-stage deploying beams
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