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Examples of Mechanical Energy Extraction and Harvesting

http://upload.wikimedia.org/wikipedia/commons/4/49/Recup_energie_2009_carr%C3%A9.jpg
http://upload.wikimedia.org/wikipedia/commons/4/49/Recup_energie_2009_carr%C3%A9.jpg
http://upload.wikimedia.org/wikipedia/commons/a/a5/000_0rysdf251_edited.jpg
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Motivation

VEH-APA 400M-MD [Courtesy of CEDRAT]
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http://upload.wikimedia.org/wikipedia/commons/4/49/Recup_energie_2009_carr%C3%A9.jpg
http://upload.wikimedia.org/wikipedia/commons/4/49/Recup_energie_2009_carr%C3%A9.jpg


Presentation Outline

5

Rotary dynamics of parametric pendulum

Motivation

Intermediate experimental verification

Experimentation in a water flume

Enhacements and control

Pendula systems and stochastic wave excitation
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Parametric Pendulum
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Mathieu Equation

Parametric Pendulum
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Rotations
0.23 

Oscillations
0.02

Parametric Pendulum
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Parametric Pendulum
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θ

2 ,1.1 == ωp

Co-existing of four periodic attractors: two
period-one rotations, a period-two and a
period-six oscillations.

θ

1,  1.6p ω= =

Chaotic attractor

Parametric Pendulum

θθ ..
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Parametric Pendulum
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Parametric Pendulum
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Nonlinear Dynamics (2007) 47(1-3) 311-320    
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Shaker – Pendulum Interactions
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Nondimensional variables:

Nondimensional parameters:

Shaker – Pendulum Interactions
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Shaker – Pendulum Interactions
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Experimental Rig
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Shaker – Pendulum Interactions

ZAMM (2007) 87(2), 172-187
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Oscillations, Rotations and Transient Tumbling Chaos

Oscillations
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Transient Tumbling Chaos Hz)24.1( =f
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Shaker – Pendulum Interactions
Experimental Studies

— Oscillations, Rotations and Transient Tumbling Chaos

Phil T Roy Soc A  (2008) 366, 767-784
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Experiments in Water Tank

Tumbling Chaos
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Experiments in Water Tank

Stable Rotations
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Experiments in Water Tank

Stable Rotations for varying frequency and amplitude



28

Control – Initialisation of Rotations
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Initialisation of Rotations – Bang-Bang
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Bifurcation Control

IJBC (2012) 22(5), 1250111
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Bifurcation Control
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Planar Excitation
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Eliptical Excitation

Planar Excitation

Planar Excitation
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Planar Excitation
Oscillations
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Planar Excitation
Rotations

IJNM (2011) 46, 436-442
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Planar Excitation
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Pendula Systems

IJNM (2015) 71, 84-94
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Pendula Systems
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Pendula Systems
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Pendula Systems
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Pendula System - Synchronization
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 small scale rig (1kg, 2.5 Hz) 
generates 160 W

 Power/mass ratio – 16 (0.35)

 scaled up extractor (10000 kg, 
0.1 Hz) should give > 1.0 MW

 wind turbine technology can be 
fully utilized

Viability of the concept of wave energy extraction 
via a Parametric Pendulum

Technical Viability
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Stochasticity of Excitation
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Stochasticity of Excitation

IJNM (2015) 71, 30-38
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Stochasticity of Excitation
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Stochasticity of Excitation
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Stochasticity of Excitation
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Stochasticity of Excitation
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Summary/Closing Remarks
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A detailed analysis of a PP has been presented.

A new concept of energy extraction has been shown. 

Interactions Pendulum vs Shaker have been investigated.

Experiments in a water tank have confirmed the principle.

Bifurcation control and planar excitation has been 
found beneficial. 
Current work is focussed on stochastic excitation 
and pendula systems. 
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