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Introduction

In recent years, multibody models have become increasingly complex. In order to accurately capture
the behaviour of the system, the inclusion of nonlinear effects is essential. In practice there are two
techniques in use to include nonlinear components:

• use approximate lumped force-elements [1]

• use fully nonlinear finite element model (possibly in co-simulation).

Unfortunately, using approximate lumped components might lead to an over-simplification of the non-
linearities and usually doesn’t allow inclusion of internal dynamic effects of the components because
the component is included as a force-element. On the other hand, a co-simulation with a nonlinear finite
element model leads to accurate results, but greatly increases the computational load.

In order to meet these two drawbacks, the authors propose a novel reduction technique for nonlinear
components, namely the Sub-System Global Modal Parameterization (SS-GMP). This techniques allows
the reduction of a complex nonlinear FE model into a compact dynamical model which can be included
in a MBD-model.

Sub-System Global Modal Parameterization for components

Sub-System Global Modal Parameterization has been previously introduced as a technique for system-
level reduction of flexible multibody systems [2, 3]. In this approach, a minimal set of rigid degrees-of-
freedom (DOFs) is used to dynamically parameterize the configuration of the system.

In this work, the formalism is extended to include general degrees-of-freedom, which don’t have to
be rigid motion DOFs. By, for example, also including flexible DOFs to parameterize the motion of a
component, nonlinear stiffening phenomena can be simulated accurately.

To facilitate the use of a SS-GMP reduced component in a general multibody model, a new set of
generalized DOFs is proposed for the SS-GMP model. Previously, the configuration of the floating refer-
ence frame, the parameterization DOF and flexible deformation participation factors served as reduced
DOFs. Unfortunately, these DOFs lead to a very complex description of the connections with other
components. In this work, the SS-GMP is formulated such that the interface DOFs of the reduced com-
ponent are used for the description of the configuration of the SS-GMP model, augmented by flexible
deformation participation factors.
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Numerical Validation

In order to demonstrate the proposed approach, a highly flexible slider-crank mechanism is considered.
During the motion of this system, the crank exhibits large deformation. A comparison is made between
a full nonlinear model, a FFR-CMS model and a model in which the crank is reduced with the SS-GMP
approach. The model with the SS-GMP component shows good accuracy whereas the FFR-CMS model
fails.
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