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Pre-processing of flexible bodies in MBD

Modelling of the structure
analytically, PDE, FEM

Choice of Boundary Conditions
Solution of the eigenvalue problem
Selection of an reduced set of modes
optional: Generation of additional modes

e.g. additional particular solutions of the PDE, e.g. static modes, 
frequency response modes, thermal response modes

Modal transformation
Consideration of the non-linear reference motion

floating frame of reference formulation

see e.g. Wallrapp94, Argawal/Shabana95, Dietz99
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Boundary Conditions I: Beam

PDE of the Euler-Bernoulli-beam with separation approach

spatial differential equation

4 boundary conditions

kinematic (essential) BC dynamic (natural) BC

see e.g. Bremer92
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Boundary Conditions II: FEM structures

additional node

FE constraint

nodes on the structure
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Ritz-Approach (1908)

fundamental idea: PDE, e.g.:

Equations of Motion          optimisation problem  weak solution
provided that the chosen n mode functions

are linearly independent
the number n may be increased in order to improve the approximation quality
satisfy the kinematic boundary conditions

for comparison: die strong solution satifies
the PDE + the kinematic + dynamic boundary conditions

in practise: a good approximation of the dynamic boundary conditions improves the 
convergence of the weak solution ( cp. (quasi-)comparison functions) see Meirovitch67
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Reference Frames

1st Option: tangent frame

2nd Option: chord frame

3rd Option: Buckens frame

Linearisation:  choose reference frame in such a way that is as small as possible
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see Schwertassek/Wallrapp/Shabana99
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Proposal I: tree-structured Systems

1. Kinematics of Pk only depends on generalised coordinates of preceding elements

2. A joint does not transmit a constraint force in the direction of its degree of freedom (dof) 

3. no constraint force  no (i.e. free) boundary condition ! 

boundary conditions at the joint Jk (in root direction)
choose according to the dof of the joint to which the flexible body is attached

boundary condition at the joint Jk+1 (to the next body of the tree) 

the kinematic description does not rely on the existance of Bk+1

choose free boundary conditions
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Proposal II: closed loops

here the kinematic formulation of Pk+1 is not independent from the 
successing body Bk+1

in particular it is not unique( different indices possible)
several paths to reach the root of the mutibody system

choose the boundary conditions at all joints according to  their 
respective degrees of freedom
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Slider Crank Example I

Comparison
beam with supported-supported bcs
beam with free-free bcs (Shabana96)
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Slider Crank Example II

for 5 % error V= 5.5
Excitation is subcritical here: 1st eigenmode should dominate solution
„supported modes“ are more efficient
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Double Pendulum Example I

Comparison: 
supported modes
clamped modes
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Double Pendulum Example II

Displacements at end point of flexible body
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Double Pendulum Example III

Convergence of the solutions: 5% error here V= 2.62
„supported mode“ is the more efficient approach
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Summary

tree-structured systems: 
joint in root-direction: bc according to dof of the joint
other joints free bcs

closed loops
all joints according to their dof

see Multibody System Dynamics paper: On the Choice of Boundary 
Conditions for Mode Shapes in Flexible Multibody Systems
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