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Numerical system being investigated with its first 6 modes illustrated, 

see Fig 3. The system is excited using zero mean Gaussian white 

noise with equal magnitude in all DOFs.

Three cases are investigated, by placing a nonlinear element in the 

form of a cubic spring at DOFs 1, 6, and 8. 

A set of random decrement signatures are estimated (1) for each response 

signal using a set of triggering conditions (2) representing initial conditions 

for the system. Triggering points are samples in the signal that satisfy the 

triggering condition, see Fig. 1 for an illustrative example. 

A set of signatures are estimated using 5 amplitude groups and 5 slope 

groups for each signal. A condition for linearity is that the free decay is 

independent of initial conditions, which is the case for DOF 3 in Fig. 1, but 

not for DOF 6. To quantify how similar the signatures in the set are, a 

principal component analysis (PCA) is performed. The outcome of the 

PCA is illustrated in a Pareto chart, see Fig. 2.

The final step in the analysis is to formulate the nonlinear response 

indicator (NORI) based on the percent explained by PC1 given the symbol 

𝛾1. 

For DOF 3 and DOF 6 in Fig. 2, NORI3 = 100 − 99.14 = 0.86 and     

NORI6 = 100 − 89.28 = 10.72 respectively. NORI > 8 is interpreted as 

nonlinear behavior.
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Fig. 1 Top row: Illustrative example of application of (2) with amplitudes 𝑎1 − 𝑎2 and 5 slope groups. The colors

● ● ● ● ● correspond to the 5 slope groups with increasing slope. Bottom row: resulting estimates found by (1). 

Fig. 2 Pareto charts illustrating the outcome of the PCA performed on each of the sets of signatures estimated for 

DOF 3 and DOF 6 shown in Fig. 1

NORI = 100 − 𝛾1 (3)

NUMERICAL TEST CASE

Fig. 3 Illustration of system being investigated. The first 6 modes are illustrated with mode shapes and natural 

frequencies.

The process of characterizing a nonlinear system can be described as performing three steps. i) Localizing the nonlinearity, ii) determining the type of 

nonlinearity, and  iii) determining the functional form of the nonlinearity. This study investigates how localization can be performed in an output-only 

setting. An analysis procedure [1] for detection of nonlinear behavior in single-degree-of-freedom (SDOF) systems based on the random decrement 

technique is applied in the present study.

OUTPUT-ONLY NONLINEAR SYSTEM CHARACTERIZATION

Results of the analysis are illustrated in Fig. 4. Here the red text 

illustrates the position of the nonlinear element, and the number at 

each DOF is the resulting NORI. 

For cases 1 and 2, the location of the nonlinear element corresponds to 

the largest NORI meaning the nonlinear element is accurately 

localized. However, this is not true in case 3 where the largest NORI is 

in DOF 6, and the nonlinear element is therefore not accurately 

localized.

Observing the DOFs exhibiting nonlinear behavior for case 1, it is clear 

they coincide with the DOFs that contribute to same modes as DOF 1 

contributes to. This observation is true for all test cases investigated in 

the present study.

These results show that it is only possible in some cases to localize the 

nonlinear element accurately. It is, however, possible to identify which 

modes that are affected by the nonlinear element. 

RESULTS

Fig. 4 From left to right, the nonlinear element is positioned at DOFs 1, 6, and 8 corresponding to the red text.
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