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I. PROBLEM DESCRIPTION

MODEL reduction, e.g. component mode synthesis, is used
extensively in multibody dynamics to represent the flexi-

bility of components. However, the resulting set of equations is
still a rather large set of differential-algebraic equations (DAE),
which makes the assembly of the model equations and the sim-
ulation costly. Furthermore, these techniques do not provide an
efficient solution for systems with varying topology [1]. For
these reasons, real-time simulation can only be achieved for
strongly simplified multibody models. Few techniques exist
for system-level model reduction of flexible multibody models.
Almost none of them exploit the mathmatical structure of the
model equations.

II. MODEL REDUCTION BY PROJECTION ON CURVILINEAR
COORDINATE SYSTEM

Model reduction can be achieved by expressing the original
degrees of freedom q in a new (curvilinear) coordinate system
η̂ by the transformation q = q(η̂). If the curvilinear coordinate
system is chosen in such a way that it is a parametrization of
(part of) the manifold allowed by the constraint equations, then
the projected equations, i.e. the equations expressed in the coor-
dinates η̂, become a set of ODE’s.

The equations can be simplified further by modal truncation
(e.g. [2]): if a subset η out of η̂ is defined as the contribu-
tion to the overal motion of the most dominant (configuration-
dependent) eigenmodes and/or static modes, then the system can
be accurately described by only considering the subset of coor-
dinates η. The number of degrees of freedom η is drastically
reduced with respect to the original number of degrees of free-
dom q. This low-dimensional ODE is much cheaper to solve
than the initial DAE. This methodology was proposed by Brüls
for control design [3] and is extended in this research with the
objective of real-time simulation [4].

Furthermore, if the projected equations are assembled for a
discrete set of configurations during a preparation phase, then
the assembly during the actual simulation reduces to a cheap in-
terpolation of these pre-assembled equations [4]. Both equation
assembly and solving are thus cheap during the actual simula-
tion: a desirable property for real-time simulation.

III. NUMERICAL VALIDATION

The model reduction technique is applied to a system con-
sisting of a flexible beam undergoing an imposed harmonic mo-
tion through a rigid slider joint. As the flexible beam moves
through the slider joint, its dynamic properties change. The flex-
ible beam is loaded at its end by a lateral force: a smoothed step
function. At t = 0 the system is undeformed. Figure 1 shows
the time history of the lateral displacement of the loaded end
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Fig. 1. Lateral displacement of the loaded end
full: original high-dimensional set of DAE’s
dashed: low-dimensional ODE obtained after projection

for both simulations, i.e. time integration of the original DAE
(62 DOFs) and of the ODE obtained after the coordinate trans-
formation (2 DOFs). The results correspond well. A small dis-
persion error can be observed. This error can be decreased by
adding more configuration-dependent eigenmodes and/or static
modes to the description of the reduced model, which inevitably
reduces somewhat the computational efficiency.

IV. CONCLUSIONS

A system-level model reduction methodology has been pro-
posed which significantly reduces the number of degrees of free-
dom needed to accurately describe and simulate a flexible multi-
body system. The resulting set of equatons is a low-dimensional
set of ODE’s, which is considerably cheaper to solve than the
original high-dimensional set of DAE’s. A numerical experi-
ment shows the validity and the applicability of the theory to
systems with configuration-dependent dynamics and variable
topology, such as flexible multibody systems.
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