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WP2: Survivability, Reliability and Optimised Control of

Devices 1n the Marine Environment

Project plan

* Smart sensor and data acquisition
* Intelligent condition monitoring

* Predictive Maintenance

* Optimised control strategy
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Smart sensor and data acquisition
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Intelligent condition monitoring

Data driven modelling Physical Modelling
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Intelligent condition monitoring

How it works in WEC system condition monitoring

Machine
learning
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Example: LSTM network

-, Dutput
Mo 8 A * Layer
& x : I -G
] ‘ Mewr cell
Previons Inpat gate tankh state
cell stake g Chytpaat
R - , gate
Fn:-fet @ iy e ‘ @
L5TM  / LSTM || ae & LSTM
cell cell 1[ ? EFE T_' cell
i B B M B I
Pna:n:-us foa_ . Bias - - Hewr ludden
hdden state state
| Input
Xy X X ' Layer

(Y. Wu and X. Ma, “A hybrid LSTM-KLD approach to condition
monitoring of operational wind turbines,” Renewable Energy, vol.
181, pp. 554-566, Jan. 2022, doi: 10.1016/j.renene.2021.09.067. )
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Predictive Maintenance

Data modelling to
evaluate the current
equipment condition
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Data modelling to
evaluate the future
equipment condition

Is operation condition
reached failure limit?

Is operation condition
reached failure limit?
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(M. Benbouzid, T. Berghout, N. Sarma, S. Djurovi¢, Y. Wu, and X. Ma, “Intelligent
Condition Monitoring of Wind Power Systems: State of the Art Review,” Energies,

vol. 14, no. 18, p. 5967, Sep. 2021, doi: 10.3390/en14185967. )
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Optimised control strategy

: D Control difficulties
" e - e Nonlinear behaviour of the flow
WEC System % e . )
Ouputsemer i — g = i turbine sensors, especially the
Predictive Maintenance Algorithm DR \ .
Fault Indicators —— CIaSSIC fIOW Sensor.

| = No Fault Blocked Inlet Seal Leak Wom Bearing

 Phase shift between the desired

* Different control gains needed
whenever a system variable is
changed.

Digital twin
¢ inflow to the accumulators and
E the measured inflow.
2 * Dynamic behaviour exhibited by
<i:‘ the valve.
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Work plan

WP1: Concept Optimisation

WP2: Survivability reliability and
optimised control of devices in

the marine environment

WP3: Sea state forecasting and
resource evaluation

e ™ e N e ™
WP1.1 - Experimental WP2.1 - Smart sensor N WP3.1 - Resource |
and numerical »  and data acquisition characterisation
hydrodynamics framework \ ~/
\. J A\ S/ #
+ + 'd N\
7 ~ s ~ WP3.2 - WEC efficiency
N WP1.2 - Geometric < > WP2.2 - Intelligent ¢ | »| calculations in wave _
Optimisation condition monitoring tanks
\_ . \. ‘ y, A * J
e + A s R ’ h
WP1.3 - Power Take- WP2.3 - Predictive /[p| WP3.3: Array effects
Off Design < maintenance | L y
\ y, ~ -
e # ™
WP2.4 - Optimised
5 control strategy B
. i J
Y _ v YVvYy YYY
>
WP4.1 - Validation and WP4.2 — Array deployment WP4.3 — Levelised Cost of
demonstration of Energy
development 2
WP4: Validation and Cost of Energy
COEPN

UNIVERSITY | ENERGY AND

OF HULL ENVIRONMENT INSTITUTE

WORKPLAN

Quarter

Experimental and numerical hydrodynamic
analysis

Geometric Optimisation

Power Take-Off Design

Smart sensor and data acquisition system
Intelligent condition monitoring

Predictive maintenance

Optimised control strategy

Resource characterisation
WELC efficiency calculations in wave tanks
Array effects

Validation and demonstration of development
Array deployment
Levelised Cost of Energy
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hanks!
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