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EXECUTIVE SUMMARY  

 
The main purpose of this monograph is to provide an overview of the research that has been 
carried out in the Phase 1 of SUPERGEN Wind project, from March 2006 to March 2010. A 
number of achievements have been made across different topics of the project  in the Phase 
1, with a  large number of papers published in international journals and conferences, with 
both national and international collaborators . 
 
The project is briefly introduced in Section 1, with its objectives listed in Section2. The main 
achievements in Phase 1 are summarised in Section 3, which highlights  the accomplishments 
of the project in terms of techni cal output.   
 
Section 4 lists the research carried out in four Themes, each has multiple research topics. 
The abstracts of published papers or the executive summary of deliverable reports are 
included in the monograph for each research Theme and research topic.   
 
In Theme W Baseline Wind Turbine Performance, the outputs were grouped into five 
research topics: Reliability and availability analysis, Turbine instrumentation, measurement 
and data processing, Turbine configuration, Wake development and interactions, and Forest 
canopies effect.  
 
In Theme X Drive-train Loads and Monitoring, the outputs were grouped into two research 
topics: Turbine blade, electrical and mechanical characteristics and Condition monitoring 
systems. 
 
In Theme Y Structural Loads and Materials, the outputs were grouped into four research 
topics: Wake effects on blade loading, Novel materials, Structural blade model, and Tower & 
blade load reduction.  
 
In Theme Z Environment Issues, the outputs were grouped into three research topics: 1. 
Foundation scour, 2. Turbine Radar Cross Section (RCS), lighting protection and wind farm 
radar model, and 3. Interaction of structural, lightning protection and RCS iss ues. 
 
The research in Phase 2 of the project  is also introduced briefly in Section 5.  
 
The Consortium Partners as well as their collaboration areas are listed in Appendix A. All 
publications are listed in Appendix B, and the project contact details can be found in 
Appendix C. 
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1 I NTRODUCTION  

The Engineering & Physical Science Research Council (EPSRC) has funded 
its SUPERGEN Sustainable Power Generation and Supply Programme to 
the tune of more than £40M forming Consortia of international standing to 
research the future of electrical power generation.  

The latest announcement of the fifth tranche of work, SUPERGEN V, 
includes the Wind Energy Technologies Consortium (EPRSC Grant Ref 
EP/D034566/1), which started from 23 rd March 2006 and ends on 22nd 
March 2010, with value £2.55M. 

Wind energy is rapidly evolving in response to climate change as wind technology has 
demonstrated its effectiveness as a low carbon supplier, with Europe installing over 10,163 MW 
of wind energy, 39% of the total energy installed in 2009 . The UKôs long exposed coastline and 
low mountain ranges give it Europeôs largest wind resource. Larger wind turbine (WT) sizes, 
needed for acceptable Cost of Energy (COE), still require research to ensure cost-effective 
access that resource.  

The multidisciplinary Wind Energy Technologies Consortium 
is lead by University of Strathclyde and Durham University 
and consists of 9 Research Groups with expertise in Wind 
Turbine Technology, Aerodynamics, Hydrodynamics, 
Materials, Electrical Machinery & Control, Reliability & 
Condition Monitoring.  

The Consortium has the active support of 1 3 Industrial 
Partners, including Wind Farm Operators, Manufacturers & 
Consultants. 

Phase 1 of the project completed in March 2010. During this phase, the Consortium has made a 
number of achievements in various research topics, with a high number o f papers published in 
international journals or conferences. To provide an overview of the research that has been 
carried out in the project,  this monograph is produced, with introduction to each research topic, 
followed by research outputs in each of them. Abstracts of each deliverable are listed in this 
document.  

2  PHASE 1  RESEARCH OBJECTIVES 

The challenge facing the Consortium is significant encompassing the search for engineering 
solutions to: 
Á improve the efficiency and reliability of wind energy.  
Á reduce the cost of energy production.  
Á facilitate the sitting of machines in off -shore locations. 
Á reduce the impact on existing infrastructure.  

During Phase 1 of the project, t he Consortium's overall aim was  

ñTo undertake research to improve the cost -effective r eliability & availability of 
existing and future large -scale wind turbine systems in the UK ò.  

To achieve such aim, the objectives of the research in SUPERGEN Wind were identified to be:  

Á To quantify from available data the reliability and availability of wind turbines as a 
function of a number of criteria.  

Á To define commonly used turbine/farm configurations and to explore possibly radical 
alternatives for the offshore environment.  
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Á To develop new/improved predictive models for turbine wake development in of f- and 
on-shore wind conditions, and for the effects of topography, in order to assess 
aerodynamic loads on large turbines. 

Á To produce models of the mechanical, electrical and material failure modes of wind 
turbines for use in a condition monitoring packag e. 

Á To develop an integrated condition monitoring system for a wind turbine or wind farm 
capable of allowing predictive and proactive maintenance. 

Á To explore the potential of innovative materials in wind turbine blades and towers to 
achieve load and mass reduction. 

Á To develop methods for on-line determination of aerodynamic characteristics to improve 
regulation of wind turbines.  

Á To ascertain the amount possible and means of active load reduction in large wind 
turbines and to determine size related limitation s. 

Á To assess potential design limits (e.g. rotor diameter, tower height, etc.) in future wind 
turbine development. 

Á To develop modelling representations of scour-hole development and to find tower 
shapes that minimise scour.  

Á To provide means of minimising visibility to radar systems and maximising turbine 
lightning protection for farms of large wind turbines.  

3  PHASE 1  MAIN ACHIEVEMENTS  

With the aforementioned objectives, the Consortium has made a number of achievements 
across different aspects of wind turbine. They are summarised below with images of some of 
the work are given in this section. 

Á Identif ied causes of turbine unreliability and low availability  
Reliability analysis of WTs has been established by the Consortium and through interaction 
with European partners, using public data, we have identified the key turbine subassemblies 
causing downtime. These data show that 75% of all failures are responsible for only 5% of 
the annual downtime and the remaining 25% of failures cause 95% of the downtime.   

 
 

Fig. 1. Using a presentation developed by ISET, showing the reliability and downtime from two 
surveys including more than 15000 turbine years. Extracted by the Consortium in collaboration with 

ISET & TU Delft. 
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Á Identif ied how and where condition monitoring ca n improve turbine availability.  
The Consortium has reviewed commercially available WT condition monitoring packages and 
identified their strengths and weaknesses. This is being disseminated to the industry. In the 
light of the reliability and availability work above new condition monitoring techniques are 
being developed for WTs to improve effectiveness of early fault detection on the 25% of 
faults that cause the majority of downtime.  

Á Developed and demonstrated algorithms for tracking of fault frequencies i n variable speed 
turbines. 

 
Fig. 2. DFIG stator current spectrum for operation with stator OC fault  

 

Á Identif ied control improvements to reduce WT tower and rotor loads with reductions up to 
50%. 
In large multi -MW WTs the production loads are a major contribution to lifetime equivalent 
fatigue loads on towers and blades. Loads on both can be reduced by improving WT 
controllers. Advanced solutions to the control design have reduced tower loads by 15-18% 
without compromising the WT performance. Similarly blade loads can be reduced by 
individual blade control, which has attracted interest from Industrial Partners.  

 
Fig. 3. Load reduction for wind turbine.  

 

Á Producing high quality single and array models and measurements for turbine wakes. 
Wind tunnel simulations have been set up with multiple, rotating, speed -controlled 5MW size 
model WTs in same-scale off- and on-shore neutral atmospheric boundary layers (ABL) and 
measurements made of all three velocity components, turbulence intensities, Reynolds 
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stresses and other quantities.  Measurements have also been made of wakes in a correctly 
scaled, stably stratified, off -shore ABL.  Data gained is of direct interest to industry for 
improving currently inadequate methods and understanding.  A wake/ABL rotor aerodynamic 
unsteady loading model has been developed. 

  
Fig. 4. Typical wake effects, which the 

Consortium are modelling, observed on a large 
offshore wind farm.  

Fig. 5. Wind farm wake measurements being 

undertaken by the Consortium. 

 

 
Fig. 6. Consortium wind tunnel measurements 

of velocity 4D downwind of two scale-model 
WTs 2D apart. 

 

Fig. 7. Consortium CFD flow simulation around a 

forest clearing. High level wind vectors, above 
canopy, in blue and low level wind vectors in red.  

Á Produced robust single and array Radar Cross Section (RCS) turbine models. 
Computationally efficient models developed for studying interaction between improved 
lightning performance and reduced RCS, focused on the impact of WTs on marine 
navigational radar. Work has been well received by Industrial Partners. Derived and 
published fundamental new analysis on WT blade lightning strikes, which has fed into the 
latest revision of the standard IEC 61400-24. 

 
Fig. 8. Wind farm radar cross section (RCS) models developed by the Consortium. 
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Á Investigated and testing new composite materials to improve blade strength and durability . 
New composite interlayer reinforcements (hybrid veils) developed that increase blade 
structure fatigue life by half an order of magnitude, while simultaneously increa sing 
toughness threefold in bonded connections. This has improved damage tolerance without 
accompanying disruption in blade manufacturing processes. New structural fibres also 
evaluated that confirm order of magnitude improvements in blade spar cap fatigue  life. 

 
Fig. 9. New blade interlayer materials increases toughness with improved fatigue performance. 

 

Á Developed new materials to reconcile the simultaneous reduction of RCS and improvement 
of lightning performance. 
Novel layers have been introduced into the composite that incorporate metal coated fibres in 
a non-woven layer. This has reduced RCS and increased electrical conductivity in the 
laminate without causing any associated reduction in blade strength. 

Á Developed fully parametric blade model for the assessment of innovative materials, condition 
monitoring effectiveness, and ñsmartò blade performance. 
A parametric blade model, comprising a script-driven pre-processor to the Abaqus finite 
element program, has been developed. The script enables parametric studies of the 
positioning of key structures, the application of true aerodynamic loading, as blade surface 
pressure, and the assessment of the importance of improvements in material properties. An 
extension to the model has been made to aid interpretatio n of results from the NAREC 
biaxial resonant load fixture.  

 
Fig. 10. WT parametric blade model developed by the Consortium. 

 

Á Modelled & tested the prediction of scour around offsho re turbine foundations . 
A detailed understanding of the relationships between the hydrodynamics, bed profile, and 
pile geometry is required for scour mitigation.  Detailed flow measurements were taken from 
a series of tank experiments and the data is being analysed.  A new, efficient numerical 
model of current induce scour was developed.  Special attention was given to choice of 
turbulence model which was validated against published data. 

 


































































































































