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STEP-WEC: STEP CHANGE FOR WAVE
ENERGY CONVERSION THROUGH
FLOATING MULTI-BODY MULTI-MODE
SYSTEMS



CRITERIA

Electricity generation cost competitive or less than offshore
wind energy

Moored floating device for easy deployment and long-term
maintenance in port

Hydrodynamic design with multi-body line absorber
responding in anti-phase to heave, pitch and surge modes
of motion with variable resonance

Automatically heading into waves

Broad band frequency response through the different
modes to cover range of offshore wave conditions

Hydraulic power take off on one hinge, accessible from
deck for maintenance

Survivable in extreme waves with no power generation
Power take off automatically adapts to wave conditions

Result: 3 bodies responding in anti-phase to heave, pitch
and surge modes of motion with variable resonance



1:8 scale model

Ballasted condition

Moored at bow float

(3 tonnes)
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Video T=2.6 s,
H=0.2 m
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PDRA situation

Dr Hanbin Gu appointed at Manchester October 2014 (4
attempt)

Dr Liang Sun appointed at Bath October 2014

PROGRESS with PhD student Efrain Carpintero Moreno

Professor Rodney Eatock Taylor (Oxford) undertaking multi-
body diffraction analysis
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Math modelling — linear diffraction |
(WAMIT coeffs) time stepping
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Results of mathematical modelling

Maximum capture width (regular waves,
heave resonance and no drag): 75% of a
wavelength

Compare for 3 bodies perfectly superimposed
capture in heave : 3x 16% = 48%

Compare for 3 bodies capture in surge or
pitch: 3x32% = 96%

Theoretically 75% is a good result for floating
system — could probably be improved

What is reality?



Capture width as proportion of
wavelength : 1:8 scale tests

Capture width ratio
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Regular (full lines) H @&095m (0), 0.145(0), 0.19m (A)

Irregular y=3.3 (dotted lines) H = 0.14 (x), 0.19 (*), 0.23m (+).



To reduce C, use rounded base shapes:
tested 1:40 scale
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uni-directional irregular waves with
v=3.3 (1:40 scale)

O
)
©
[ .
L
i}
9
=
()
| .
)
et
Q
© Uir
O o5k
0 [ [ [ [ [ [ [ [ [
0.8 0.9 1 1.1 1.2 1.3 14 1.5 1.6 1.7 1.8
T [s]
p

Rounded bases H, = 0.027m (o), H, = 0.042
m (o),

Flat bases H, = 0.040 m (*)



unidirectional waves with y=3.3, for
flat based floats at 1:40 and 1:8
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Large scale (full lines) H, = 0.14m (0), H, = 0.19m (), Hy = 0.24m (0);

Small scale (dashed lines) H, = 0.027m (+), Hg = 0.040m (*)



Wave energy messy resource:
many frequencies, many amplitudes, varying direction




Effect of spread factor s
rounded base floats: y =3.3
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s = Hg = 0.027m (o), Hg = 0.042m (o);
s=30 H, = 0.022m (0), H=0.034m ( );
s=5 H,= 0.018m (*), Hy= 0.027m (x)



Effect of spread factor s
rounded base floats : y = 1
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s= H_ = 0.021m (o), H, = 0.033m (o);
$=30 Hy= 0.026m (0), Hg= 0.038m( );
s=5 H~ 0.021m (*), H= 0.030m (x)



Survivability (limited tests to

extreme conditions with 16m wave height without PTO
(1:40 scale)
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Programme

Modelling —

« CFD (STAR-CCM) for drag evaluation/minimisation (Gu at Manchester)
« time domain linear with WAMIT coefficients with IRFs for irregular waves
and realistic PTO model (Stansby at Manchester)

« frequency domain modelling - general modes, 1st, 29 order DIFFRACT
(Sun at Bath)

« small array effects

Experiments using 1:40 scale model -

« 2 more weeks Plymouth

*1 week in Edinburgh FloWave — cross seas
* general testing in Manchester
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MANCHESTER M4WavePower
Moored MultiMode Multibody
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Horizon 2020 LCE-2 bid submitted
Optimising Offshore Wave Energy Conversion (OOWEC)
iIncluding 1:4.5 scale tests at FabTest
Participant No Participant organisation name Country
1 Professor Peter Stansby University of Manchester (UMan) UK
2 Louis Verdegem Bosch Rexroth Ltd (Bosch) UK
3 David Williams Cammell Laird Shiprepairers & Shipbuilders | UK
Ltd (Cammell)
4 Maxime Philippe INNOSEA Ltd (INNOSEA) France
5 Aurélien Babarit Ecole Centrale de Nantes (ECN) France
6 Professor Tony Lewis University College Cork (UCC) Ireland
7 Professor Deborah Greaves Plymouth University (UPlym) UK
8 Professor Peter Troch Ghent University (UGent) Belgium
9 Professor Luis Gato Instituto Superior Tecnico, University of Portugal
Lisbon (IST)
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Member of WavePOD consortium
(Bosch Rexroth, Aquamarine, Carnegie, Albatern, M4WavePower)

Also bid to Horizon 2020 LCE-2

WavePOD ™—
Development of a scalable standardised offshore electro-
hydraulic power take off system for Wave Energy Converters
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