




Foundation flexibility• 
Wind loading, including • 
aeroelastic feedback
Wave and current loading, • 
including hydrodynamic 
drag and inertia effects
Craig-Bampton method • 
interface to dynamics of 
FEM model of tower 
Guy wires• 
Aerodynamic drag as for • 
Tubular or Lattice tower

Wind
3-Dimensional, 3-compo-• 
nent turbulence models
Various turbulence spectra • 
and coherence models
Transients in wind speed, • 
direction, and shear as 
specified in the design 
standards
Wind shear (bi-linear, • 
exponential, or logarithmic 
model)
Tower shadow, upwind • 
and downwind

Waves
Linear and non-linear • 
waves

Turbine simulations & re-
sults

Detailed simulations of • 
performance and loading 
for all turbine states. 
Detailed aerodynamic • 
information at specified 
blade stations 
Load case generation • 
according IEC ed. 2 with 
GL-2003 supplements or 
IEC ed. 3
Modal analysis of tower• 
Performance coefficients • 
Power curves and annual • 
energy production
The user is allowed very • 
flexible control of the cal-
culation outputs:
0• 0 0Forces and moments at 
specified blade and tower 
stations 

Aeroelasticity I,  Rotor pre-design 

For the aeroelastic pre-design of rotor blades a dedicated module is available. 
With this module the aeroelastic performance of rotor blades can be deter-
mined without the need of a full turbine model or a detailed blade design. This 
module can compute the 
eigenmodes, frequencies 
and aeroelastic damping of 
the rotor blades. The theoret-
ical basis is the beam bend-
ing theory, in which torsional 
deformation and transverse 
shear flexibility as well as 
many aerodynamic and 
structural dynamic coupling 
terms for bending and torsion 
dynamics are included.

Aeroelasticity II, Wind 
Turbine design

The module Aeroelastic-
ity II, developed by ECN, 
calculates the combined 
aerodynamic and structural 
dynamic behaviour of a wind turbine in time domain. The build-in tower model 
gives a detailed and well-validated dynamic response of the tower including all 
mutual interactions with the turbine model up to the aerodynamics of the rotor. 
Alternatively, an external tower model can be linked using the Craig-Bampton 
method.
The rotor aerodynamics are solved on basis of the engineering BEM theory of 
which the sub-models for 
tip-loss, tangential induc-
tion, blade-tower interac-
tion, oblique inflow effects, 
rotational effects) are com-
bined on a physical basis. 
A built-in PD controller 
is provided that includes 
rotor speed filtering and 
peak-shaving strategy. In 
addition, dedicated control-
lers can be linked.
A tool is provided that gen-
erates the input for load 
cases that are required for 
IEC or GL load set calculations. For this purpose models are available to simu-
late faulted conditions and emergency situations. The results are accepted for 
certification by GL and DNV.
In order to reduce the total turnaround time of load set calculations, loadcases 
can be calculated in parallel on computers with multi-core processors. 
Using the job management system, loadcases can be calculated in parallel on 
multiple computers. 



0Forces and moments at • 
the hub and yaw bearing 
0Shaft loads • 
0Rotational speeds at rotor • 
and generator 
0Mechanical and electrical • 
losses 
0Blade and tower deflec-• 
tions and yaw motion 
0Nacelle accelerations • 
0Blade pitch, controller and • 
transducer signals
Extreme load analyses• 
Rainflow cycle counting • 
and damage equivalent 
loads. 
Peak value and level • 
crossing analysis

Project Management
Project data is stored in • 
relational data base
Import project data from • 
other projects
Concurrent work on the • 
same project
User defined analyses • 
scenarios
Automated job handling• 
Multi-processor and multi-• 
core processor support
Parallel and grid comput-• 
ing
Tracking of all design • 
changes
Parameterized design sup-• 
port
Parameter variation for • 
sensitivity studies
Turbine optimization fea-• 
tures
3rd party or in-house • 
developed software can be 
integrated in the standard 
FOCUS user interface

FOCUS 6 program options:

Aeroelasticity I,  Rotor pre-design•	
Aeroelasticity II, Turbine design•	
Structural Blade design•	

Features that will be added in 2010:

Admin tool•	
Aerodynamic Table Generator•	
Aeroelasticity III, turbine design linearized•	
Blade design FEM •	
Cluster computing•	
Earthquake loads•	
Noise Emission (requires Aeroelasticity I)•	
Offshore additions•	
Optimization & Cost module•	
Report generator•	
User module integration tool•	
Wave loads •	

Contact information:

Knowledge Centre WMC 
P.O. Box 43 
1770 AA Wieringerwerf 
The Netherlands 

+31-(0)227-50 49 49 
+31-(0)227-50 49 48 
www.wmc.eu 
info@wmc.eu

Phone: 
Fax: 
Internet: 
E-mail : 

Recommended computer system:

Processor: 	 
Memory: 	
Hard disk: 	
Graphics card: 
Operating system: 
Database:

For a multi-user environment it is recommended to install the database on a 
separated server (Windows or Linux).

Pentium IV 3 GHz, Pentium Dual Core 2.2 GHz
2048 MB
200 GB - 7200 rpm
128 MB with OpenGL 3D support
Windows XP, Windows Vista or Windows 7
PostgreSQL 8.3 
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