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ABSTRACT 

The accuracy of vibration and noise analysis of vehicle parts 
like a cylinder block or gear box is mainly determined by the 
modal parameters that are used. The validation of finite 
element models, used to compute these modal parameters, 
requires linking and comparison with experimental modal 
analysis results. The application of sensitivity analysis and 
model updating techniques allows the analyst to improve the 
quality of finite element models. 

A integrated software package for performing these tasks is 
discussed in this paper, putting emphasis on key features and 
problem areas. A number of typical applications from 
automotive industry are presented as well as a case study of a 
cylinder block model in the presence of test data that show 
unsatisfactory agreement with the results from analytical 
modal analysis. 

1. INTRODUCTION 

Over the years, the finite element (FE) method has matured 
and many excellent analysis packages are commercially 
available today. More and more companies have been able to 
take advantage of the considerable benefits available to FE 
users. However, applying FE techniques requires careful 
preparation and a critical examination of results. The 
advantages and disadvantages of the application of the 
method in structural dynamics are known to their users. 

The dynamic response of the model often differs 
substantially frnm that of the real structure. This can be due 
to errors in estimated physical element parameters or 
boundary conditions, but also because thc finite element 
discretisation does not approximatc the real world situation 
well enough. The stiffness and mass model in^ can be 
inadequate because of the use of a n  insufficient number of 
elements or because of the underlying elcmerit rnrmulations. 

Because of the many assumptions, simplifications and the 
limited number of degrees of freedom that are used to predict 
the structural behavior, it is accepted that the results of FE 
analysis will be only valid in a given frequency domain. 

Techniques have been developed to validate the finite 
element solution and to automatically improve the quality of 
the model. Validation involves the calculation of a 
correlation criterion [I]  to identify the similarities and 
differences between the analytical modal analysis results and 
a set of corresponding experimental data. Model updating 
methods are mostly based on a sensitivity formulation. These 
methods require the computation of a sensitivity matrix [S] 
by considering the partial derivatives of modal parameters 
and other reference responses with respect to structural 
parameters via a truncated Taylor's expansion. The resulting 
matrix equation is of the form 

where the elements of [Ap) are the unknown adjustments in 
structural elements that are required to produce the difference 
{ A q )  between the reference response vector and the actual 
system responses. Sensitivity-based methods are most 
popular because of their ability to reproduce the correct 
measured natural frequencies, mode shapes and any other 
reference response. like total mass. Although the basic 
formulation looks simple, the practical application can be 
tedious and there are many problems to solve underway. 

The nature of the method is such that if one analyses 
equation ( I ) ,  it will be clear that in most practical 
applications, this system of equations will be highly under- 
determined. In  an initial model updating phase, each element 
of the vector { A p )  represents a correction to a possible 
modeling error or adjustment because of inadequate element 
performance. There are, however, many possible parameters 
in a FE model. Because it would be impractical to include all 
possible parameters simultaneously, the challenge will be to 
make distinction between the following error types: 
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