REMS dd¢

RENEWABLE ENERGY MARINE STRUCTURES

Mitigation of Loads on Floating Offshore Wind
Turbines through Advanced Control Strategies

Research Student: Dawn Ward  Main Supervisor: Maurizio Collu Co Supervisor: Ali Mehmanparast

IVI a I n ISS u eS fo r FOWTS - Base of the Tower . the Base of the Tower :;:;:zeid::::: W hy FOWTS
. . | H H { 2000 — 200 | . Floating Turbine . . . o, .
Motion: 'negative damping ||| - Sites with unsuitable sea bed conditions
which causes increased fatigue U ) E - ~ |#@we || Greater water depths
. Freestream velocity ° L - -
loads, especially on the tower, - Side-to-Side Momentatthe | Fore-aft Moment at the Yow Moment at the Base of Shoreline assembly and maintenance
i ) / . Base of the Tower \ Base of the Tower . the Tower
due to combined wave and wind //;v, X | - -
) : 1500 | L e R e = fatigue loads lifetime
loading which therefore reduced i s —
lifespan N | \ - weight reliability
: : — Advanced
. - S\ .
Environment: compIeX|ty of y Reducmg the Increased tower risks Control energy
installation, inspection and ' - . :
,» INSP platform pltch fore-aft force and S Strategies orofits
maintenance depending upon || | motion will reduce || moment causes |
the tower fore-aft largest increase in costs confidence
type )
Figure 1. Support Platform Modes of Motion [1] force and moments fatlgue |Oads on the o 2 ong
Cost: new technology with a at the tower base. || tower of a FOWT | COmEE availability

requirement to be competitive

long-term for both initial CAPEX Project Aim & Objectives

and for LCOE 1 4"7 '''''' || Identify and select a novel advanced control strategy to prevent
=dT 1 : o
T undesirable loads for chosen FOWT platform type due to platform pitching.
Malin Approach Validate ability to programme chosen simulation packages for fatigue load
* Analyse and verify a model of a floating analysis of the FOWT.
semisubmersible platform in FAST ’ Define and build simulation and control models.
* Validate against open source simulation results for | Run simulations under different environmental conditions
National Renewable Energy Laboratory (NREL), o | Identify fatigue reduction benefits available from different control
Instituto Superior Tecnico (IST) and Goldwind. / PP pse e T strategies.
from the Offshore Code Comparison (OC4) Phase Il /
* Turbine based on the NREL SMW offshore baseline *| | Pitch to Stall | === T "ewarE e
turbl.ne W|th|r.1 FAST co.de /’2 Controller
 Semisubmersible floating platform based on S - In Si link I3 —
platform used for DeepCWind scaled experimental e et 0GB n Simuiin T oo
tests. e Blade pitch controller built in Simulink and ran
* Modify model of turbine blades to make active stall in Matlab utilizing FAST simulation package Co il
simulation possible TIP
P and specifications =
 Define and design control regimes and simulation » Blade flapwise stiffness and modal stiffness | e
systems. tuner increased to produce similar deflection
i . . . (O o
* Run tests under different control and seen when operating in Pitch to Feather Ty ==
environmental conditions and compare and * Excessive deflection due to unrealistic stall
analysis changes in loads due to varying strategies. operating blade profile, prevents simulation runs \ e
Blade Pitch and Rotor Speed Rotor Thrust & Generator Speed Platform Pitch Tower Deflection . . .
T ml & || Initial Observations of
o L A ]
p B SN Zacennn] BEZ Stall Controller I — |
=;" = L7 . Bladelength (m)
S N * Smoother power generation and —
Wi sped (/) ooy T et S reduce blade pitch actuation —
Rotspeed sl rpm) Rotspeed festher) (o) eyt o et | o st ) = — o i st e T T D e e Tower fore-aft moment expe riences
higher loading but cyclical variance is Next Ste PS
Pitch to stall control provides reduced actuation requirements due to decreased | | ® A realistic stall designed blade would constant eains. Gain schedulin
blade angles be preferable but is not an essential 5 ' 5
* Rotor thrust also is seen to increase at wind speeds above rated. element for analysing system changes will then also be implemented.
* The positive slope of the thrust curve could help to avoid negative damping. from control implementation e @Gain understanding of fatigue
effects with increased loads but
References and Literature Acknowledgement
1. J.Jonkman, Dynamics Modelling and Loads Analysis of an Offshore Floating Wind Turbine, NREL, 2007. | would like to thank Cranfield University, not CyCIICaI VvVa rla nce
2. J.Jonkman, M Buhl. FAST User’s Guide, NREL/EL-500-38230, 2005 ; o ’
3. A.Robertson et al, Definition of the Semisubmersible Floating System for Phase Il of OC4, 2012 my supervisor and the EPSRC for giving ° Design’ run and analyse Other
4. A.Robertson et al, Offshore Code Comparison Collaboration Continuum: Phase Il Results Regarding a Floating Semisubmersible Wind System, NREL/CP-5000-61154, 2014 me the opportunity to carry out this
5. M. Lackner, Controlling Platform Motions and Reducing Blade Loads for Floating Wind Turbines, Wind Engineering Volume 33, No. 6, 2009 PP 541-553 favou rable Control Strateg|es
6. B. Skaare et al, Importance of Control Strategies on Fatigue Life of Floating Wind Turbines, OMAE 2007-29277. research

EPSRC November 2017

Engineering and Physical Sciences
Research Council




