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Page 2 – Project Description 

Scientific Excellence 
(500 words) 

Rotor blades are critical structural element of the wind turbine 
as they constitute 15%-20% of its total cost and are the most 
frequently reported damaged component. They are made of 
composite to ensure a light weight, high specific strength, high 
stiffness and good impact damage resistant structure. The 
commonly used composite materials for wind turbine blades 
are glass fibre reinforced polymer (GFRP) and carbon fibre 
reinforced polymer (CFRP). Normally, epoxy resin is used as 
the composite matrix material, although other materials are 
used such as vinyl ester, polyurethane, and unsaturated 
polyester. 
 
There are many causes of wind turbine blade damage starting 
from its manufacture to in-service operation, such as: 
manufacturing-induced defects, variable wind loading, 
precipitation and debris, water ingress, lightning strike and 
fire. However, the focus here would be on the early detection 
of manufacturing induced defects (i.e. delamination, matrix 
cracking, debonding, improper fibre/matrix distribution, ply 
waviness, wrinkle, porosity/void, foreign inclusions, 
incompletely cured matrix and improper fibre/resin ratio) and 
in-service defects (i.e. delamination, matrix cracking and fibre 
fracture). 
In operation, wind turbine blades are usually exposed to large-
deflection bending impacts and low velocity impacts caused 
by wind storms, heavy rainfall, water splashes and hailstones in 
the offshore environment; on the other hand, sand and dust 
impingement in the desert environments. Such loading cause 
deterioration of structural integrity and load-bearing capacity 
of the blade structure. The associated costs for wind turbine 
repair for a sudden blade failure are high. As such, early defect 
detection techniques are required to avoid or reduce structural 
damage in wind turbine blade. 
 
Structural health monitoring (SHM) provides a broad range of 
techniques for damage detection and characterisation in 
structures. SHM techniques such as x-ray, ultrasonic scanning, 
thermal imaging (infrared thermography), digital image 
correlation, laser shearography, acoustic emission and optical 
fibre-based strain approach have been used to detect and 
measure the growth of defects in wind turbine blade. 
However, the focus here would be on the application of 
airborne acoustic technique (AAT) and acousto-ultrasonic 
technique (AUT) for the physical damage characterisation of 
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defects in composite materials for wind turbine blade 
application. AAT leverages the attenuation of acoustic 
properties resulting when acoustic energy travels through a 
material with defects. The defects cause mechanical losses via 
conversion of part of the sound energy into heat.  On the other 
hand, AUT is a non-destructive method that uses stress waves 
to detect and evaluate diffuse defects, damage and variations 
in mechanical properties of materials.  Simply put, AUT is 
acoustic emission simulation with ultrasonic sources. 
 

Aim (400 words) 
 

This research focuses on the feasibility of airborne acoustics 
and acousto-ultrasonic techniques for inspection and 
characterisation of defects in composite structures.  
 
 
Hypothesis 
The changes in the following inherent material properties of 
composite materials are harnessed for defect detection and 
characterisation in the composite structures.  
1) Airborne Acoustic Technique (AAT) 
AAT uses changes in the acoustic properties of composites 
with defect for defect identification and characterisation. 
2) Acousto-Ultrasonic Technique (AUT) 
AUT uses changes in the energy dissipation of stress wave 
caused by defects or damage in the composite material for 
defect identification and characterisation.  
 
 
Methodology 
1) Test Samples 
The test samples are generated taking into consideration 
different fibre architecture/matrix combination and various 
stacking sequences. In addition, conditions that result from 
constraint degradation due to mechanically induced damage 
are considered such as matrix cracking caused by cyclic 
loading, damage due to impact, cracking and impact damage 
combined, and simulated delamination. 
2) AAT 
There are several standard methods to measure acoustic 
properties of material. A common approach used is the ASTM 
E1050 which makes use of a plane wave impedance tube that 
is equipped with two microphones. The method evaluates 
material acoustic properties using the transfer function, 
between two microphones spaced a known distance apart, 
and at a given distance from test sample. 
 



 

 

 
DTA3/COFUND Programme Research Project Proforma 

 
 

 

 

3) AUT 
AUT provides a measurement procedure to quantify the 
integrated effect of the globally distributed damage 
characteristic for a fibre reinforced composite material. The 
procedure involves the introduction of a mechanical excitation 
into a test sample by means of a piezoelectric ultrasonic 
transducer and detecting the resulting disturbance at another 
point a short distance away on the same surface using an 
acoustic emission sensor. 
 
Innovations 
Whereas conventional ultrasonic methods can be used to 
assess voids or other discontinuities, it falls short when the 
need arises to assess subtle flaws, such as is evident in 
composites with manufacturing-induced defects such as 
improper fibre/matrix distribution, ply waviness, wrinkle, 
porosity/void, foreign inclusions, incompletely cured matrix 
and improper fibre/resin ratio. AAT and AUT overcomes this 
limitation and can be used to access subtle flaws and 
associated mechanical properties variation in composites with 
defects. This research provides a novel approach of generating 
C-Scans for composites using AAT and AUT. 
Unlike conventional acoustic emission monitoring which 
require the loading of the test piece for defect identification, 
AAT and AUT are passive techniques, can identify and 
characterise defects in an unloaded composite structure. 
 

Strategic Relevance 
(300 words) 

The development of clean energy sources is of key importance 
to guarantee future energy security, sustainability of energy 
supplies and combat climate change. Wind energy is one of 
the most promising renewable energy sources that emits little 
to no environmental pollution. Wind turbines harness kinetic 
energy from the wind and convert it into electrical power. 
Unlike traditional power plants, wind turbines emit no 
greenhouse gases or air pollutants. The electricity generated 
from wind energy can significantly contribute to the reduction 
of greenhouse gas, emissions, air pollution and water 
consumption. 
 
However, for wind turbines to be competitive and live out their 
full life of 20-25 years, they must be able to withstand adverse 
environmental conditions. As such, their structural integrity is a 
key challenge. It has been reported in literature that rotor 
blades are the most common type of structural failure a wind 
turbine would experience. The cost of the rotor blade 
accounts for 15%-20% of the capital cost of the wind turbine 
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and the down time involved to replace a failed blade is the 
longest. Thus, it is necessary for non-destructive techniques 
that enables the identification and characterisation of defects 
in the rotor blade during manufacturing, transportation and 
while in-service. 
 
As wind turbine blades are made of woven composites, due to 
an ever-increasing need for a low weight, high strength and 
stiffness structure, this research looks at the application of 
passive techniques such as airborne acoustics and airborne 
ultrasonic for identification and characterisation of defects to 
prevent a sudden and expensive failure. 
 

Interdisciplinarity 
and fit with DTA3 

This research adopts an interdisciplinary approach involving 
expertise from advance materials and manufacturing, and 
condition and structural health monitoring. 
 
This research fits into the Energy category of DTA3. It 
addresses the global energy challenges by developing non-
destructive and fast inspection techniques to ensure wind 
energy is a competitive source of clean energy as opposed to 
polluting fossil fuel energy source. 
 

Industrial Relevance 
(300 words) 
Detail external 
placement 
opportunities or 
collaborations 
available as part of 
the project 

In the last few decades, the requirements of structural health 
monitoring have increased rapidly thereby stimulating many 
new developments in different technologies. Here are some of 
the key benefits or relevance of this research to industry: 
1) Early Risk Detection: AAT and AUT would help inspectors 
and engineers to detect defects in composite structures i.e. 
wind turbine blades during manufacture, transport and 
operation. 
2) Improved Safety: AAT and AUT would boost the overall 
safety of the public with regards the installation and operation 
of wind turbine including new policies and guidelines that can 
help ensure their safe construction. 
3) Cost Efficiency: Structural health monitoring would boost 
the overall safety of SHM and reduce the short and long-term 
costs related to maintenance. 
4) Longer Lifespans 
Using AAT and AUT to perform regular emergency and 
preventive maintenance on composite structure i.e. wind 
turbine blade can help boost their longevity. 
This research would involve a collaboration with Prof. Hom 
Dhakal, Head of Advanced Materials and Manufacturing 
(AMM) research group, University of Portsmouth, UK. Prof. 
Hom Dhakal’s research focuses on design and manufacturing 
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of novel sustainable composite materials. Dhakal’s research 
also involves characterisation, analysis, design, manufacturing 
and evaluation of various properties of these advanced and 
modern materials. The AMM research group has well-
equipped laboratories with a range of facilities for research 
and development in advanced materials and manufacturing, 
such as: X-ray micro-computed tomography, 
materials/mechanical testing (flexural, impact - low, high and 
ballistics, amongst other tests at low and elevated 
temperatures), durability testing (chemical, UV, hygrothermal, 
amongst other degradation test), digital image/volume 
correlation for engineering applications, etc. 
 

Economic and 
Societal Impact (300 
words) 

With the effects of global warming becoming more apparent, 
it is very import for countries and the world at large to 
investigate environmentally friendly energy source. One of 
such renewable energy sources is the wind energy. Since 
generating electricity from wind doesn't emit any greenhouse 
gases or produce any particulate emissions, it massively 
reduces the rate of global climate change. Apart from the 
positive environmental impact, there are a host of economic 
and social benefits. Wind energy provides energy security and 
stability in a countries energy market by reducing the countries 
dependency on import fossil fuels such as natural gas or 
diesel, shielding the country’s economy from global market 
fossil fuel price hike. Wind energy price is relatively stable, as 
there are no fuel costs in the operating expense, which is a 
major operating expense for most coal and gas fired electric 
generation facilities. Wind is a proven clean, free and 
renewable form of energy that preserves our natural resources. 
Wind energy conserves water resources as wind farms virtually 
require no cooling, as opposed to natural gas, coal and 
nuclear power plants that require a tremendous amount of 
water for cooling. In fact, electricity generation is the leading 
contributor to water withdrawals from a countries water 
reservoir. Since wind turbines come in an array of different 
sizes, they are a great resource to generate energy in remote 
locations to support varying population levels. Wind energy 
can enable the revitalising of rural economies, thereby creating 
jobs in rural communities. In doing so, it also benefits local 
communities, mainly in the form of property tax revenues and 
new types of income for landowners through land lease 
payments. 
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Page 3 – Admission Requirements 
 
Specific Admission 
Requirements 
Detail any subject 
specific degree 
qualifications or 
disciplines, relevant 
skills, experience 

First class Honours BEng degree in a relevant Engineering 
discipline including Mechanical Engineering and Materials 
Science.  Strong applicants with a 2.1 qualification may also be 
considered. Personal attributes including a drive to conduct 
research, self-motivation and the ability to work independently 
and within a team are essential. 
 

Minimum IELTS score IELTS 6.5 (with no less than 5.5 in any band) 
 

 

 


