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Novel Formulation of the 3D Large Deformation Beam Element for Dynamic Crash Analysis
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ABSTRACT

The paper presents new Object Oriented Formulation
of the FE algorithm that encompasses traditional FE,
Super Element, experimental data and rigid body
mechanics in a single calculation environment. The new
formulation is implemented in a software for dynamic
crash simulation of an arbitrary 3D frame structure
discretized into Super Elements and subjected to large
dynamic crash loading. The paper presents basics of the
general algorithm and element formulation. The
theoretical part is followed by the discussion of
benchmark tests and result of application of the real
world structures.
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(1) Object Oriented Model
A

(3) Super Element
includes large plastic
deformations and dynamic effects

(4) Newton-Euler F
equations

M

(5) Interaction between '.4
F, M and Torque

» Fint M int

= (2) FEM-like beam for
moderate deformations

Fig. 1 Object oriented discretization of thin-walled
S-frame
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(2) Initialization of elements
me:. mass J¢ : moment of inertia
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(2) Initialization of nodes
7 : velocity ®° :angular velocity
m : mass J :moment of inertia

»
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(3) Element-by-Element y

1. Compute increments of rotation in all SBE

2. In each SBE: compute measures
of deformation and dynamic force
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Fig. 6 Flow diagram of numerical procedure
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Fig. 7 Idealized deformation mechanisms
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Fig. 10 Organization of the design/calculation environment for 3D large deformations beam systems
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