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Parametric pendulum based wave energy converter
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Abstract

The paper investigates the dynamics of a novel wave energy
converter based on the parametrically excited pendulum. The
herein developed concept of the parametric pendulum allows
reducing the influence of the gravity force thereby significantly
improving the device performance at a regular sea state, which
could not be achieved in the earlier proposed original point-
absorber design. The suggested design of a wave energy
converter achieves a dominant rotational motion without any
additional mechanisms, like a gearbox, or any active control
involvement. Presented numerical results of deterministic and
stochastic modeling clearly reflect the advantage of the
proposed design. A set of experimental results confirms the
numerical findings and validates the new design of a parametric

pendulum based wave energy converter. Power harvesting
e A e of the novel device is also presented. A2 n
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ARTICLE INFO ABSTRACT

Article history: The paper investigates the dynamics of a novel wave energy converter based on the para-
Received 10 Ociober 2016 metrically excited pendulum. The herein developed concept of the parametric pendulum
Received in revised form 10 April 2017 allows reducing the influence of the gravity force thereby significantly impro

Accepted 20 June 2017

e ey 2017 device performance at a regular sea state, which could not be achieved in the e

pased original point-sbsorber design. The suggested design of a wave energy converter
achieves a dominant rotational motion without any additional mechanisms, like a gearbox,

xﬁ";”;m converter or any active control involvement. Presented numerical results of deterministic and
Wave coergy stochastic modeling clearly reflect the advantage of the proposed design. A set of experi-
Parametric pendulum mental results confirms the numerical findings and validates the new design of a paramet-
Power take-off based By ing potential of the novel device
Reduced gravity is also presented.

Energy harvesting © 2017 Elsevier Ltd. All rights reserved.

Mathieu equation
Electromagnetic generator

1. Introduction

Energy harvesting has been attracting much attention in recent years, which is reflected in a great number of publica-
tions. In some areas, like wind energy, there have been significant advances made allowing to pass from a concept up to
a commercialization stage, implementing some novel ideas in practice. Wave energy is another promising area the develop-
‘ment of which however has been progressing slower than expected due to a number of reasons. Over one hundred fifty var-
ious concepts of Wave Energy Converters (WECs) exist and new ones keep appearing quite regularly. Some of the ideas went
through the commercialization stage and have been built and deployed, for instance Pelamis, Oyster, OWC, etc. |1]. Despite
these developments, the cost of wave energy remains significantly high, almost ten times greater than that of coal and
almost twice the cost of offshore wind energy [2|. The Carbon Trust identified three major directions where cost reduction
can be achieved: . operation and mai e as well as next generati |2). This bec
cially important in a view of recent bankruptcies of two major players in this sector - Pelamis and Oyster. Thus, it becomes
obvious that the race for a new generation of more efficient, inexpensive and robust WECs is still on.

Relatively recently, a novel wave energy power take-off concept has been first proposed in [3 . Its main idea was based on
the properties of a parametrically excited pendulum. It is well known that if a pendulum's suspension point is excited har-

‘monically in the vertical direction with a certain frequency. rotational response of the pendulum is possible. The dynamics of

such a system can be described by the following nonlinear equation:
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Document search tutorial
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Having trouble viewing the tutorial? +

Using the product

Content Scopus provides you with the option of searching for publications based on search terms relating to

specific parts of a document (e.g. title, author, keywords, ISSN).
How
Follow these steps to search for a document:

1. Go to Scopus. The default page is the Document search.
2. Enter your terms, and then select the search fields from the drop-down list (e.g. ‘Article Title").

Note: You can also set the date range, subject area, and document type to further narrow your results.
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Elsevier Support Center

Scopus tutorials

Last updated on 26/09/2017 12.31 PM
Scopus tutorials provide a visual guide to using the product. The tutorials below are also found in the

relevant FAQs in the Scopus Support Center.

Note: The tutorials are divided into chapters which allow you to skip to the parts most interesting to you.

Searching for documents

This tutorial demonstrates how to use key terms to create a Document search, make your searches more
specific, and work with previous searches.

Tutorial text only

Reviewing search results

This tutorial demonstrates how to work with the many features available when viewing your search results,
> including how to refine the list to just the documents you need, how to set up search alerts, and to view

individual documents.

Tutorial text only

Searching for authors
This tutorial demonstrates how to find publications for a specific author, set up an alert to follow an author,

how to provide feedback on author detzils, and also create an author group.

Tutorial text only -
i 43
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Submit Your Paper The journal, Renewable Energy, seeks to promote and
disseminate knowledge on the various topics and
Track Your Paper technologies of renewable energy systems and

components. The journal aims to serve researchers,
engineers, economists, manufacturers, NGOs,

associations and societies to help them keep abreast
@ View Articles of new developments in their specialist fields and to

apply alternative energy solutions to current
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International Journal of Marine Enerqy will aim to
publish original, high quality papers covering
fundamental and applied research as well as case
studies relevant to renewable energy emanating from
the marine or ocean environment with particular
focus on wave and tidal energy. The Journal focuses
on wave and tidal topics including: fundamental
understanding; fluid mechanics; design; modelling
and optimisation of devices and arrays/ farms;
environmental assessment; design codes; regulations;
policy; economics; monitoring; planning evaluation;
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Ocean Engineering provides a medium for the
publication of original research and development

work in this field.

Some of the areas covered in Ocean Engineering
include: Offshore Engineering; Naval Architecture;
Marine Structural Mechanics; Safety and Reliability;
Materials; Pipelines and Risers; Polar and Arctic
Engineering; Computational Fluid Dynamics and
Vortex Induced Vibrations; Port and Waterfront
Design and Engineering; Linear and Nonlinear Wave
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