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a b s t r a c t

Engineering structures seldom behave linearly and, as a result, linearity checks are

common practice in the testing of critical structures exposed to dynamic loading to

define the boundary of validity of the linear regime. However, in large scale industrial

applications, there is no general methodology for dynamicists to extract nonlinear

parameters from measured vibration data so that these can be then included in the

associated numerical models. In this paper, a simple method based on the information

contained in the frequency response function (FRF) properties of a structure is studied.

This technique falls within the category of single-degree-of-freedom (SDOF) modal

analysis methods. The principle upon which it is based is effectively a linearisation

whereby it is assumed that at given amplitude of displacement response the system

responds at the same frequency as the excitation and that stiffness and damping are

constants. In so doing, by extracting this information at different amplitudes of

vibration response, it is possible to estimate the amplitude-dependent ‘natural’

frequency and modal loss factor. Because of its mathematical simplicity and practical

implementation during standard vibration testing, this method is particularly suitable

for practical applications. In this paper, the method is illustrated and new analyses are

carried out to validate its performance on numerical simulations before applying it to

data measured on a complex aerospace test structure as well as a full-scale helicopter.

& 2010 Elsevier Ltd. All rights reserved.

1. Introduction

In order to assess and to predict the dynamic behaviour of a structure, engineers rely ever more heavily on
mathematical models of the system under examination. These mathematical models can be theoretical (e.g. a set of
equations) or numerical (e.g. a finite element (FE) model). Either way, the model has to reproduce the reality of the
physical structure. Therefore, notwithstanding the dramatic improvements in simulation techniques, testing is always
required to validate predictions and to guide the refinement of models.

One major drawback of model updating (and modal analysis) is that in most cases neither the mathematical model nor
the analysis of measured data account for nonlinearities into the system. This is mainly due to the combination of a
relatively small understanding of nonlinear phenomena, together with a highly complex mathematical analysis.

In reality, it is found that most practical structures do not comply with an assumption of linearity. There are a series of
‘linearity checks’ available that can be performed in order to assess and define the limits of the validity of linear theory to
any given application. The essential question is ‘‘what to do if the structure fails the linearity check?’’ There is no definite
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