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NUIM Wave Energy Group overview
* Group areas of expertise
* Interrelationship of activities

e Sample results
— Mathematical modelling (hydrodynamics, PTO)

— Pressure control for potable water production

Resource assessment and forecasting

Wave directionality

Geometric optimisation

Research Group
NUI'Maynooth  NUT MAYNOOTH
ynamics ontrol D oliscoil na néiresnn w Nuse

Wave Energy Forum, 2nd October 2009




lectronic

. v
@ngincering Research Group Overview e

NUI MAYNOOTH

* Group background in math. modelling,
forecasting, control design.

e Currently:
1 PI (self)
1 postdoc

3 research students

— Currently recruiting 1 postdoc + 3 research students
e Current funding includes: Industrial, EI, IRCSET
e Collaboration with

— Industry (Wavebob, OES, Wavestar)

— Academic (Nantes, HMRC, UL, LUREG) V|
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¢ Hydrodynamic modelling

— Single body
— Multibody n [
— Arrays of devices (new project 2 L ."’I/////I
¥ o devices (new project RERp=— o
*  PTO modelling e
— Mechanical, electrical, hydraulic components [ '.. -

¢ Impact of wave directionality on WECs o

¢ Device optimisation :
— Geometric optimisation T e
— Optimisation in the presence of control
— Total economic optimisation (new project)

¢ Control system design for WECs

. . . . Sea profile
- ?eal-tlme calculation of optimal damping Controller Plant ¥
orce —
Hydraulic circuit model

.. . Opti , Y Prft)
— Control for electricity production P IS - i —>
— 1 fe est.

Control for potable water production .

— Control of arrays of devices (new project)

. x(t), olt), Pult)
* Resource assessment and forecasting

— Forecasting of free surface elevation

— Forecasting of excitation force .

— Assessment of combined wind/wave resource .ll
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Wave data/models

Wave
resource
Excitation force
characteristics
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¢ O’Cathain, M, Leira, B., Ringwood, J.V. and Gilloteaux, J.-C. Modelling of multibody marine
systems with application to wave-energy devices, Ocean Engineering, Vol.35, 2008, pp 1381-1387.

* Gilloteaux, J.-C, Bacelli, G. and Ringwood, J.V. A nonlinear potential model to predict large
amplitude motions: Application to a multi-body wave energy converter, Proc. World Renewable
Energy Conference, Glasgow, July 2008. .
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Bacelli, G., Ringwood, J.V. and Gilloteaux, J.-C. Control of a wave energy
device for potable water production, Proc. European Control Conf. , August .'

2009, PP 3755-3760. Research Group
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Combined Wind / Wave Resource
Assessment

Raw wind and wave power correlation
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Fusco, F., Nolan, G.A. and Ringwood, J.V. Variability reduction
through optimal combination of wind/wave resources - an Irish case

study, Energy, in press.
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Short-term Wave Forecasting

Sea state with H =231m
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—=-AR(32). ®=2 rad/s

——AR(32). (DCZI.Z rad/s

-m-Harvey, dw=0.01, u)c:2rad/s
-v-Harvey, dw=0.01, u)c:1.2 rad/s

@ NN(15 inputs,3-7-1), u)C:Z rad/s
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Fusco, F. and Ringwood, J.V. Short-term wave forecasting,

Proc. 8" EWTEC, Uppsala, Sweden, 2009, pp 756-765.
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=l Wave Directionality

Ochi-Hubble
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0 o5 1 s 2 235 3 35 b) Peaks isolation. ¢) Spectrum partitioning
Angular frequency [rad/s]
| 1 2 3 | 4 | 5 ‘ 6 ‘ 7 ‘ 8
type wind sea | wind sea | wind sea | wind sea | wind sea | wind sea | swell | swell
0,7 329.1 308.5 329.1 288 277.7 329.1 144 | 143.7
wp(rad/s) 0.93 1.18 1.37 1.6 1.78 2.03 044 | 0.6

Gilloteaux, J.-C.and Ringwood, J.V. Infl of wave directionality on a generic point absorber, .
Proc. 8 EWTEC, Uppsala, Sweden, 2009, pp 979-988. qrp
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* Selection of results/expertise available
— Math. modelling/simulation
— Some control results (e.g. potable water production)
— Not always easily applicable due to diversity of wave energy
devices !
* Plenty of fundamental work still required:
— Real-time optimal control solutions
— Modelling and control of arrays of devices
— Geometric and economic optimisation =
U
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