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ABSTRACT

In this work, wavelet analysis is applied to measured responses of a 1:55 scale-model spar platform in order to measure
instantaneous amplitude and frequency fluctuations of surge and pitch natural modes. The analysis was performed for a spar
subjected to irregular wave loading representative of operational conditions, a 10-year storm, and a 100-year survival storm.
The first part of this study focuses on the evaluation of the frequency response of wavelet ridges, curves extracted from a
continuous wavelet transform for measuring amplitude and frequency fluctuations of a response mode. Using amplitude-
modulated (AM) and phase-modulated (PM) test signals to perform a numerical swept sine test, it is found that wavelet
ridges for measuring instantaneous amplitude and frequency fluctuations have a frequency response characterized as a low-
pass filter with zero phase shift. In the second part of the study, wavelet analysis of the experimental data reveals that the
surge and pitch natural frequencies of the spar fluctuate for each of the sea-states examined. Further, the wavelet ridge
frequency response results indicate that the attenuation of the measured instantaneous amplitude and frequency fluctuations
is significant for the spar natural response modes and should be accounted for in quantitative studies. Finally, surge responses
were examined in detail, and it was found that they have a maximum frequency excursion between 5% and 10% of the
average frequency, and a phase-modulation index of 0.33 to 0.52 with a modulation period of about 1800 s. Pitch natural
frequency fluctuations exhibited similar levels of fluctuation for the 3 sea-states and did not appear to have a characteristic
modulation period.

INTRODUCTION

Improvements in next-generation spar designs for deepwater oil
recovery rely upon a better understanding and prediction of spar
responses. A key characteristic of spar dynamics is that wave load-
ing is inherently unsteady, resulting in time-dependent response
of both the natural modes and the linear response. One approach
for analyzing the time-dependent behavior of spar responses is to
represent the responses in the time-scale domain with the continu-
ous wavelet transform developed by Grossman and Morlet (1984).
Wavelet-based signal diagnostics give one the ability to examine
how frequencies evolve in time and have potential for character-
izing time-dependent nonlinear dynamics.

In the last few years, pioneering studies have applied wavelet
techniques to the analysis of multiple-degree-of-freedom (MDOF)
systems. For example, Staseweski (1997) and Ruzzene et al.
(1997) applied wavelet analysis to obtain natural frequencies and
the decay rate of individual modes. More recently, Staseweski
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(1998) used wavelet ridges to obtain instantaneous amplitude and
frequency characteristics of nonlinear systems for the purpose of
MDOF system identification.

In terms of spar response analysis, the continuous wavelet
transform has been established as a useful tool for separating
out multiple modes in the responses of spar platforms, and for
obtaining a quantitative measure of the instantaneous frequency
and amplitude of individual response modes. For example, Jor-
dan et al. (1998a,b) proposed wavelet-based diagnostics to quan-
tify the transient amplitude envelopes of multiple-mode surge and
pitch responses of a model spar platform tested in the OTRC wave
basin. Further, Weggel et al. (1999a,b) applied wavelet analysis to
numerically simulated spar responses, establishing the capability
of wavelet ridges to capture time-dependent amplitude and fre-
quency content of spar response modes in a free decay test, and
demonstrating that the natural response frequencies fluctuate as
a function of time when the spar is subjected to irregular wave
loading.

It has also been recognized that there are issues that need to
be addressed for obtaining accurate quantitative wavelet analysis
of spar responses of practical relevance, i.e. those due to irregu-
lar wave loading. For example, the instantaneous frequency mea-
surements presented in Weggel et al. (1999b) display artifacts,
i.e. nonphysical frequency jumps. Further, it was recently demon-
strated by Jordan et al. (2000) that the wavelet ridge analysis can
completely smooth highly localized extremes in response modes,




