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Membrane WECs
Membrane Structures for Wave Energy Harvesting

Thermo-Viscoelasticity

Thin-walled deformable structure which acts as the primary interface with
the waves

Visit to Politecnico di Milano (Milan, Italy) to perform uniaxial and biaxial
thermo-mechanical experiments

Membrane changes geometry to accomodate to external loads reducing
the stress variation
Membrane offers design benefits for surviavabity, reliability and cost, e.g.
deflation of membrane during harsh storms, fewer mechanical
components and improved manufacturing/deployment requirements

Comparison of the dissipation behaviour under different stress and
temperature states

Membrane is comprised of an elastomeric composite material which is
highly viscoelastic and coupled to the operational environment, changing
the stress-strain response
Subsea environment and fatigue loading results in ageing and material
damage

Membrane WEC Designs:
Various design configurations such as air-filled cell, water filled tube and
tethered carpet [1], see below:

(a) Uniaxial test

(b) Biaxial test

(c) ClusTEX Biaxial Testing Machine

Fig. 2 Experimental data gathering campaign performed at Politecnico di Milano

Ageing and Fatigue

Wave Peak

Visit Ifremer (Brest, France) to perform experiments related to seawater
degradation

Wave Trough
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Accelerated ageing experiments in Brest Estuary seawater
Viscoelastic characterisation and submerged fatigue experiments on
aged samples
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Finite Viscoelasticity Modelling
A Carroll strain energy function (Eq. 1) is used to fit the experimental data
which is substituted into the strain (Eq. 3) and stress (Eq. 4) equations for
finite viscoelasticity
A finite strain viscoelastic model is achieved through a multiplicative
decomposition of the deformation gradient (Eq. 2) resulting in the additive
decomposition of strain and stress. N represents the number of Maxwell
elements, for N=2 the model has 9 Carrol parameters and 2 relaxation
parameters
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(b) Tube filled with pressurised seawater
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Parameter Identification and Finite Element Modelling
(c) Tethered carpet
Fig. 1 Membrane WEC design configurations

Research Objectives
Goals and aims of research:

Stress and strain equations are formulated for a one dimensional case to
fit the experimental data and implemented into Matlab
The elastic material parameters are calculated based on stress
relaxation values. These parameters feed into the viscous part of the
equation where it solved using an evolution equation with a NewtonRaphson solver (Fig. 3)
Once a successful fitting is achieved, the 4th order elasticity tensors are
derived for implementation into UMAT subroutine in Abaqus
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The initial goals are to characterise the material under the operational
conditionals encountered, i.e. complex stress states, long term water
submersion, and fatigue loading
Fit the experimental data to one and two dimenional constitutive models
for thermo-viscoelasticity, ageing and damage mechancis behaviour
Implement constitutive models into commerical finite element code, i.e.
Abaqus and validate experimentally.
Perform a structural and operational analysis on a case study device
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(a) Calibration at 200 %

(b) Validation at 150 %

Fig. 3 Parameter identification for one dimensional finite viscoelastic model [2]
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