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To improve: 
 

•  modelling of offshore wind conditions; 

•  modelling of wake losses within and downwind of offshore wind 
farms; 

•  modelling of dynamic loading, fatigue and  
             accumulated damage for offshore wind turbines; 

•  turbine life and overall wind farm efficiency. 
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ABL + 
Wake flow 
 
‘live’ wind 
field model 

Rotor aerodynamic + 
aeroelastic + structural 
and fatigue modelling 
 

Drive train 
+ 
generator 
model 
 

Turbine 
controller 

Farm 
controller 

n turbines in farm 

Grid 

WP1: 
 WP2: 

WP3: 
WP4: 

Wind conditions 

Wind + wakes 
Loads & fatigue 

Wind + wakes (power) Farm optimisation for 
power and life-time 
energy yield  

ABL = 
Atmospheric 
Boundary Layer 
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Very Unstable Stable 
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Cases: 

Unstable 
 
Stable  -   no inversion; 

   with inversion 
 
Neutral –  datum cases 
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    Neutral stability                 Stable* + no inversion           Stable*+ ‘mid’ inversion         Stable*+’deep’ inversion 

* = moderate surface 
condition 
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UVLM with arbitrary 
kinematics 

Geom-nonlinear 
composite beams 
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DTU 10 MW blade 
High-fidelity FEM model 

From 3D FEM to geometrically-exact beam model (GEBM) 

Cross-sectional reduction  3D FEM vs GEBM 
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DTU 10MW rotor UVLM 
lattice (200000 states) 

GEBM modal projection 

Low Inputs/Outputs ROM 

Frequency-limited balanced truncation: 
•  ROMs at a fraction of the cost (low-rank) 

•  Virtually no loss of accuracy 

Projection over structural modes:  
•  ROM order comparable to No. inputs/outputs 

(from 200,000 -> 40 states) 
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Aeroelastic analysis with ROM 

Sectional forces Torque 
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•  Wind farm control objectives 
–  maximise generated power 
–  Provide ancillary services to grid 
–  Minimise O&M costs 
 
 

•  Wind farm control design and analysis models are required.  
–  Performance assessment is over full operating envelop. 
–  Simulation should include the wind field & wakes, turbines (up to 100+) 

and wind farm controller. 
–  Fast simulation execution times required. 

w.leithead@strath.ac.uk 



Simulation time, single WT for 600s: 
Continuous = 18s 

Discrete = 14s 

•  SUPERGEN variable speed 
pitch regulated, 3-bladed, 
HAWT exemplar turbine. 

•  5MW, other sizes to be added 
(10MW, ! ).  

•  Uses lumped parameter 
models for representing drive 
train, rotor and blade dynamics. 

•  Reformulated BEM based 
aerodynamic coefficient models 
to determine the thrust and 
torque at the rotor including 
dynamic induction lag. 
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•  Continuous (Simulink) and Discrete (C/C++) 
forms available. 

                Research impact: The UK academic research 
                base has a significant international presence 

    Impact on industry: Collaboration with industry is at both the consortium  
     level and individual partner level. 
Specific areas of impact: Health monitoring, Asset Management, Control, Resource Assessment, Radar and Offshore 

Support Structures. 
       Standards: Contributions to IEA Annexes 21, 23, 25, 32 and 37, IEA  
                        Study Groups B4-57 and B4-72 and IEC 61400-1/-3 
                                                 shadow panel.   
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Thrust Simulink
Thrust Bladed
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Out-of-Plane RBM Simulink
Out-of-Plane RBM Bladed
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Thrust Simulink
Thrust Bladed
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Out-of-Plane RBM Simulink
Out-of-Plane RBM Bladed
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MAXFARM –   
 We have made good progress in bringing together key elements of  
 - wind resource 
 - wakes and inflow 
 - fluctuating loads and fatigue prediction 
 - and an encompassing control environment. 

 
There is much more to do. 


