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Abstract:  
Parametric resonance is a phenomenon that can arise in mechanical systems, whereby a response in 
a particular mode is excited via a time-varying parameter, as opposed to via direct forcing. A well-
known example in ocean engineering is the parametric roll of ships in head or following seas, where, 
in the absence of direct forcing from waves (due to the port-starboard symmetry), large amplitude 
roll motions can arise due to time-varying roll stiffness. 
 
In wave energy converters (WECs), structures designed to undergo large oscillations in the power-
producing modes of motion, parametric resonance appears to be a common issue affecting non-
productive modes of motion. These dynamic instabilities arise through non-linear coupling between 
different motion modes. For this reason, wave-activated WECs which are free to move in multiple 
degrees of freedom (DOF) are particularly prone to such dynamic instabilities. The undesired non-
productive motions can increase fatigue loading of critical components and can in some cases be 
associated with a reduction in power capture.  
 
In this talk we explore dynamic instabilities in floating WECs through simplified models. We propose 
analytical approaches based on the linear and non-linear Mathieu equation, allowing for prediction 
of onset/occurrence of the instability as well as its severity in terms of the limiting amplitudes of the 
unstable motions under regular wave conditions. We also study parametric resonance through time-
domain numerical models based on linear potential flow theory, but allowing for some non-
linearities arising from taking into account the instantaneous body position. Different variants of 
such models are investigated and compared. The simplified models are shown to give valuable 
insight into the dynamics of floating WECs, and are a very efficient tool for discovering motion 
instabilities in early design stages. 
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