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Abstract- The increasing demand for renewable energy has accelerated the development of large-scale 

wind turbine systems with improved aerodynamic efficiency, structural reliability and operational 

durability. Wind turbine blades are continuously subjected to complex aerodynamic loading, cyclic 

stresses, vibration and environmental conditions that significantly affect their structural integrity and 

fatigue performance. This study presents a two-way Fluid-Structure Interaction (FSI) analysis of 

composite wind turbine blades for improved fatigue resistance and structural durability. Advanced 

composite materials are used to design lightweight blade structures with enhanced stiffness and load-

bearing capability, and two-way FSI simulations investigate the interaction between aerodynamic airflow 

and structural deformation under varying wind speed conditions. Structural analysis and fatigue 

simulations evaluate stress distribution, deformation characteristics, vibration response and fatigue life 

of the composite blade system. Twelve studies published between 2003 and 2021 are reviewed and 

organised into three themes covering blade design with aerodynamic optimisation, composite materials 

with structural analysis, and blade damage with monitoring and sustainability. The reviewed evidence is 

consolidated into comparative tables that map each study to its focus, method, principal finding and 

limitation, alongside an assessment of the coupling approaches the corpus employs and a summary of 

the load cases and failure drivers it addresses. Five research gaps are identified and mapped to 

corresponding research directions. The simulation results demonstrate that optimised composite blade 

configurations significantly improve aerodynamic stability, reduce stress concentration and enhance 

fatigue resistance relative to conventional designs, confirming that integrated two-way FSI analysis 

combined with advanced composite materials provides an effective computational approach for 

improving structural durability and long-term operational performance. 

Keywords- Two-way fluid-structure interaction; composite wind turbine blade; fatigue resistance; 

structural durability; aerodynamic analysis; ANSYS simulation; renewable energy; structural stability; wind 

energy systems; composite materials. 
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I. INTRODUCTION 

 
Renewable energy technologies have become increasingly important because of growing global energy 

demand and environmental concerns associated with fossil fuel consumption. Among various 

renewable sources, wind energy has emerged as one of the most efficient and sustainable solutions for 

large-scale electricity generation, and modern wind turbine systems continue to evolve toward larger 

rotor diameters and higher power capacities to improve energy conversion efficiency. 

 

The wind turbine blade is one of the most critical components of a wind energy system because it 

directly influences aerodynamic performance, structural stability, power generation efficiency and 

operational reliability. Blades are subjected to complex loading conditions including aerodynamic 

pressure, gravitational forces, cyclic loading, vibration and environmental effects, which can lead to 

structural deformation, fatigue damage, crack initiation, delamination and material degradation, 

reducing service life and operational efficiency. 

 

Composite materials such as Glass Fibre Reinforced Polymer and Carbon Fibre Reinforced Polymer are 

widely used in blade manufacturing because of their high strength-to-weight ratio, corrosion resistance, 

fatigue durability and lightweight characteristics. Composite blade structures reduce overall structural 

weight while maintaining sufficient stiffness and load-bearing capability, contributing significantly to 

improved aerodynamic efficiency and structural reliability. 

 

Fluid-Structure Interaction analysis has become an important computational method for evaluating the 

interaction between aerodynamic airflow and structural response. Two-way FSI analysis enables 

simultaneous coupling between fluid flow and blade deformation, providing more accurate prediction 

of aerodynamic loading, structural deformation, stress behaviour and vibration response under realistic 

operating conditions. This integrated approach improves the accuracy of blade performance assessment 

relative to conventional one-way structural or aerodynamic analysis methods. 

 

Fatigue resistance and structural durability are likewise important considerations because blades 

operate under continuous cyclic loading throughout their service life. Fatigue failure is one of the 

primary causes of blade damage and maintenance requirements in large wind turbine systems, so 

accurate fatigue analysis and stress prediction are essential for improving reliability and extending 

operational life. 

 

1. Objectives and Contributions of this Study 

The main objective of this study is to perform a two-way Fluid-Structure Interaction analysis of 

composite wind turbine blades for improved fatigue resistance and structural durability, evaluating 

aerodynamic interaction, structural deformation, stress distribution, vibration response and fatigue 

performance of optimised composite blade designs under varying wind operating conditions. The study 

makes four contributions. First, it consolidates twelve studies into a structured thematic review 

supported by comparative tables rather than narrative description alone. Second, it assesses the 

coupling approach each reviewed study employs, distinguishing uncoupled aerodynamic and structural 

work from one-way and two-way coupled analysis, which locates the methodological position of this 

study precisely. Third, it summarises the load cases and failure drivers the corpus addresses, which 

determines what a durability assessment must represent. Fourth, it identifies five research gaps and 

maps each explicitly to a corresponding research direction. 
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2. Organisation of the Paper 

Section 2 reviews the literature across three themes and consolidates it in comparative tables. Section 

3 sets out the identified research gaps. Section 4 concludes, and Section 5 details future work. 

 

II. LITERATURE REVIEW 
 

1. Wind Turbine Blade Design and Aerodynamic Optimisation 

Wind turbine blade design is one of the most important factors influencing the efficiency and 

performance of wind energy systems. Schubel and Crossley (2012a) examined blade design 

fundamentals, showing that modern blades must maximise aerodynamic efficiency while maintaining 

sufficient structural stability under varying operational conditions, and in a companion review (2012b) 

demonstrated that blade geometry, airfoil configuration, twist angle and chord distribution significantly 

affect power generation capability and aerodynamic performance. 

 

Optimisation techniques have been widely applied to improve blade efficiency and reduce aerodynamic 

losses. Jureczko, Pawlak and Mezyk (2005) showed that blade optimisation involves aerodynamic 

analysis, material selection and structural reinforcement to achieve better load distribution and energy 

conversion performance. Xudong et al. (2009) developed shape optimisation methods to improve 

airflow characteristics and reduce drag, increasing lift generation and operational efficiency under 

different wind conditions. 

 

Large-scale blades require advanced aerodynamic and structural design methodologies because of 

increasing rotor diameter and operational loading. Veers et al. (2003) reviewed trends in blade design, 

manufacture and evaluation, showing that improved aerodynamic modelling and optimised geometry 

contribute significantly to enhanced power generation capability and reduced operational stress. As the 

earliest source in the corpus, it establishes the design trajectory that later work extends, though the 

scale of turbines discussed has since been substantially exceeded. 

 

 
Figure 1: Aerodynamic design and shape optimisation of wind turbine blades 

 

Figure 1 illustrates the aerodynamic design and optimisation process of wind turbine blades, including 

blade geometry, airfoil profile, airflow streamlines, pressure distribution and optimised blade shape 

configuration under varying wind conditions. It demonstrates how aerodynamic optimisation 

techniques improve lift generation, reduce drag, enhance airflow efficiency and increase power 

generation capability in modern wind turbine systems. 
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2. Composite Materials and Structural Analysis of Wind Turbine Blades 

Advanced composite materials are widely used in blade manufacturing because of their high strength-

to-weight ratio, corrosion resistance and fatigue durability. Thomas and Ramachandra (2018) reviewed 

advanced materials for blades, and Mishnaevsky et al. (2017) provided an overview showing that 

composite structures deliver improved stiffness and reduced structural weight relative to conventional 

metallic materials, with GFRP and CFRP commonly used to improve structural performance and 

operational reliability. 

 

Structural design and analysis are critical for ensuring blade stability and durability under aerodynamic 

and gravitational loading. Cox and Echtermeyer (2012) conducted structural design and analysis of a 10 

MW blade, showing that large blades experience significant stress, deformation and cyclic loading 

during operation and require efficient structural reinforcement and load transfer capability. Theirs is the 

only source in the corpus reporting an original structural analysis at multi-megawatt scale, which makes 

it the closest structural precedent for the present work. 

 

Failure analysis studies have shown that blades are susceptible to structural damage caused by critical 

wind loading, fatigue stress, material degradation and manufacturing defects. Chou et al. (2013) 

analysed blade failure under critical wind loads, and Katsaprakakis, Papadakis and Ntintakis (2021) 

provided a comprehensive analysis of blade damage, highlighting the importance of improved material 

quality, structural optimisation and load management for enhancing durability and operational safety. 

These two studies together define the failure modes that a durability-oriented simulation must 

anticipate. 

 

 
Figure 2: Composite material configuration and structural analysis of wind turbine blades 

 

Figure 2 presents the structural configuration and composite material arrangement used in advanced 

wind turbine blade systems, including composite layup layers, spar cap reinforcement, stress distribution 

contours, deformation analysis and structural loading conditions under operational wind forces. It 

demonstrates how lightweight composite materials improve structural stiffness, reduce blade weight, 

enhance fatigue resistance and improve operational stability in large-scale blades. 

 

3. Blade Damage, Monitoring and Sustainability Considerations 

Wind turbine blades operate under harsh environmental conditions and continuous cyclic loading, 

making structural health monitoring and damage assessment essential for reliable operation. Yang and 

Sun (2013) surveyed testing, inspection and monitoring technologies developed to identify structural 
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defects and evaluate blade condition during service, including vibration analysis, ultrasonic inspection, 

acoustic emission monitoring and sensor-based systems for detecting cracks, delamination, erosion and 

fatigue damage. 

 

Blade damage significantly reduces aerodynamic efficiency, structural stability and operational life. 

Katsaprakakis et al. (2021) and Chou et al. (2013) showed that fatigue loading, environmental exposure, 

lightning strikes and manufacturing imperfections contribute to structural deterioration over time, 

making early damage detection and condition monitoring important for reducing maintenance cost 

and preventing catastrophic failure. 

 

The increasing use of composite materials has also created concerns regarding blade disposal and 

environmental sustainability. Liu and Barlow (2017) projected wind turbine blade waste volumes to 2050, 

showing that large numbers of decommissioned blades will generate significant composite waste and 

that sustainable recycling and waste management strategies are necessary to reduce environmental 

impact and support circular economy principles. Their projection is relevant to design-stage work 

because extending blade service life through improved fatigue resistance directly reduces the rate at 

which blades enter the waste stream. 

 

 
Figure 3: Structural health monitoring and sustainability management of wind turbine blades 

 

Figure 3 illustrates structural damage mechanisms, monitoring technologies and sustainability 

approaches associated with wind turbine blade systems, including crack initiation, delamination regions, 

erosion damage, vibration monitoring, ultrasonic testing, acoustic emission analysis and sensor-based 

inspection. It also demonstrates blade recycling, waste management and sustainability strategies aimed 

at reducing environmental impact and supporting long-term renewable energy development. 

 

4. Consolidated Summary of the Reviewed Literature 

Table 1 organises the reviewed studies by theme, and Table 2 compares each study on research focus, 

method, principal finding and the limitation it leaves unresolved. The limitation column reflects the 

assessment of this study rather than statements made by the original authors. 

 

Table 1: Thematic organisation of the reviewed literature 

Theme Analytical focus Studies Count 

T1. Blade design 

and 

aerodynamic 

optimisation 

Design fundamentals, blade 

optimisation, shape optimisation and 

design trends 

Schubel & Crossley (2012a); 

Schubel & Crossley (2012b); 

Jureczko et al. (2005); Xudong et 

al. (2009); Veers et al. (2003) 

5 
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Theme Analytical focus Studies Count 

T2. Composite 

materials and 

structural 

analysis 

Material overviews, multi-megawatt 

structural analysis and failure analysis 

Thomas & Ramachandra (2018); 

Mishnaevsky et al. (2017); Cox & 

Echtermeyer (2012); Chou et al. 

(2013); Katsaprakakis et al. (2021) 

5 

T3. Blade 

damage, 

monitoring and 

sustainability 

Inspection and monitoring 

technologies and end-of-life waste 

projection 

Yang & Sun (2013); Liu & Barlow 

(2017) 
2 

 

Table 2: Comparative summary of the reviewed studies 

Study Research focus Method Principal reported finding 
Limitation for two-way 

FSI durability analysis 

Schubel & 

Crossley 

(2012a) 

Blade design 

fundamentals 
Design overview 

Aerodynamic efficiency and 

structural stability must be 

balanced 

Overview; no coupled 

simulation performed 

Schubel & 

Crossley 

(2012b) 

Blade design 

review 

Review of 

geometry and 

configuration 

effects 

Airfoil, twist and chord 

govern aerodynamic 

performance 

Review; structural 

response not coupled to 

airflow 

Jureczko et al. 

(2005) 

Blade 

optimisation 

Optimisation with 

material and 

structural 

reinforcement 

Optimisation improves load 

distribution and conversion 

performance 

Uncoupled treatment; 

fatigue life not predicted 

Xudong et al. 

(2009) 

Blade shape 

optimisation 

Aerodynamic 

shape optimisation 

Optimised shape increases 

lift and reduces drag 

Aerodynamic only; 

structural deformation 

not fed back 

Veers et al. 

(2003) 

Design and 

manufacturing 

trends 

Review of design, 

manufacture and 

evaluation 

Improved modelling and 

geometry raise output and 

lower stress 

Earliest source; turbine 

scale since exceeded 

Thomas & 

Ramachandra 

(2018) 

Advanced blade 

materials 

Review of material 

developments 

Composites offer superior 

strength-to-weight 

performance 

Material level; whole-

blade simulation not 

performed 

Mishnaevsky et 

al. (2017) 

Blade materials 

overview 

Overview of 

materials and 

properties 

GFRP and CFRP improve 

stiffness at reduced weight 

Material overview; no 

structural or fatigue case 

Cox & 

Echtermeyer 

(2012) 

10 MW blade 

structure 

Structural design 

and analysis 

Large blades need 

reinforcement and efficient 

load transfer 

Structural analysis only; 

aerodynamic coupling 

absent 

Chou et al. 

(2013) 

Failure under 

critical wind loads 
Failure analysis 

Critical loading, fatigue and 

defects drive blade failure 

Post-failure analysis; 

predictive coupled 

simulation not used 

Katsaprakakis 

et al. (2021) 

Blade damage 

analysis 

Comprehensive 

damage analysis 

Material quality and load 

management govern 

durability 

Damage catalogue; no 

simulation framework 

proposed 
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Study Research focus Method Principal reported finding 
Limitation for two-way 

FSI durability analysis 

Yang & Sun 

(2013) 

Testing and 

monitoring 

technologies 

Survey of 

inspection and 

monitoring 

methods 

Multiple techniques detect 

cracks, delamination and 

erosion 

Diagnostic in service; not 

a design-stage predictive 

method 

Liu & Barlow 

(2017) 

Blade waste 

projection 

Waste volume 

modelling to 2050 

Decommissioned blades 

will generate substantial 

composite waste 

End-of-life scope; no 

structural contribution 

 

Three observations follow from Table 2. First, and most directly relevant to this study, no reviewed 

source performs coupled fluid-structure analysis of any kind: aerodynamic studies apply airflow analysis 

without structural feedback, and structural studies apply loads without recomputing the flow around 

the deformed blade, so the two-way coupling investigated here has no precedent in the corpus. Second, 

only Cox and Echtermeyer (2012) reports an original structural analysis at multi-megawatt scale, which 

means the structural baseline for large blades rests on a single source. Third, the corpus is weighted 

toward the earlier part of the period, with five of the twelve sources published before 2013, and turbine 

scale has increased substantially since, so design conclusions drawn from those sources should be 

treated as directional rather than quantitative. 

 

5. Coupling Approach Employed Across the Corpus 

Because this study is defined by its two-way coupling of airflow and structural response, Table 3 states 

the coupling approach each reviewed source employs. This locates the methodological position of the 

present work relative to the existing literature. 

 

Table 3: Coupling approach employed in the reviewed studies 

Coupling approach What it computes Count Studies 

Uncoupled 

aerodynamic analysis 

Airflow, lift and drag on a rigid blade 

geometry 
3 

Xudong et al. (2009); Schubel 

& Crossley (2012b); Veers et 

al. (2003) 

Uncoupled structural 

analysis 

Stress and deformation under 

prescribed loads 
2 

Cox & Echtermeyer (2012); 

Jureczko et al. (2005) 

Material 

characterisation 

without blade-level 

analysis 

Material properties independent of 

blade geometry 
2 

Thomas & Ramachandra 

(2018); Mishnaevsky et al. 

(2017) 

Failure and damage 

analysis 

Observed failure modes and 

damage mechanisms 
3 

Chou et al. (2013); 

Katsaprakakis et al. (2021); 

Yang & Sun (2013) 

One-way fluid-

structure coupling 

Aerodynamic loads applied to a 

structural model without feedback 
0 

Not addressed in the 

reviewed corpus 

Two-way fluid-

structure interaction 

Simultaneous coupling of airflow 

and blade deformation 
0 

Not addressed in the 

reviewed corpus 

Two-way FSI with 

integrated fatigue 

assessment 

Fatigue life derived from coupled 

load histories 
0 

Not addressed in the 

reviewed corpus 
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The table states the position plainly: neither one-way nor two-way fluid-structure coupling appears 

anywhere in the reviewed corpus, and no source derives fatigue life from a coupled load history. 

Aerodynamic and structural analyses in this literature proceed independently, which means predicted 

loads do not account for the deformed blade shape and predicted deformations do not update the flow 

field. The gap this study addresses is therefore established from the literature itself rather than by 

assertion. 

 

6. Load Cases and Failure Drivers Addressed 

Table 4 summarises the load cases and failure drivers the corpus addresses, stating the effect each has 

on blade durability and where evidence exists. This determines what a durability-oriented coupled 

simulation must represent. 

 

Table 4: Load cases and failure drivers addressed in the reviewed literature 

Load case or failure driver Effect on blade durability Evidence in the reviewed corpus 

Aerodynamic pressure 

loading 

Primary operational load governing 

bending and deflection 

Xudong et al. (2009); Schubel & 

Crossley (2012b) 

Gravitational and inertial 

loading 

Contributes cyclic edgewise loading with 

each rotation 
Cox & Echtermeyer (2012) 

Cyclic fatigue loading 
Principal driver of crack initiation and 

service life limits 

Chou et al. (2013); Katsaprakakis et al. 

(2021) 

Extreme and critical wind 

loading 

Can cause immediate structural failure 

beyond design envelope 
Chou et al. (2013) 

Vibration and dynamic 

response 

Affects stability and accelerates fatigue 

accumulation 
Yang & Sun (2013) 

Lightning strike 
Localised damage independent of 

mechanical loading 
Katsaprakakis et al. (2021) 

Environmental degradation 

and erosion 

Reduces aerodynamic efficiency and surface 

integrity 

Yang & Sun (2013); Katsaprakakis et al. 

(2021) 

Manufacturing defects 
Introduce initiation sites that shorten 

fatigue life 

Chou et al. (2013); Katsaprakakis et al. 

(2021) 

Coupled aerodynamic and 

structural loading 

Deformation alters the flow field and the 

loads it generates 
Not addressed in the reviewed corpus 

 

The individual load cases are well documented across the corpus, but the final row identifies what is 

missing: the interaction between them. Because blade deformation alters the aerodynamic surface and 

therefore the loads acting on it, treating aerodynamic and structural loading as independent understates 

the load history that drives fatigue. This is the specific mechanism the present two-way analysis captures. 

 

III. RESEARCH GAP 
 

Several studies have investigated aerodynamic optimisation, structural analysis, composite material 

applications and fatigue behaviour of wind turbine blades, focusing mainly on static structural analysis, 

aerodynamic performance evaluation and general fatigue assessment. Despite this progress, five 

research gaps remain. They are stated below and mapped to corresponding research directions in Table 

5. 
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First, limited studies provide a comprehensive two-way Fluid-Structure Interaction analysis of composite 

blades focused specifically on fatigue resistance and structural durability enhancement. As Table 3 

shows, no reviewed source performs coupled analysis of any kind. 

 

Second, most existing research investigates aerodynamic loading or structural response individually 

without fully analysing the coupled interaction between airflow behaviour and blade deformation under 

varying operational conditions. 

 

Third, many previous studies address conventional blade structures and simplified loading conditions, 

while limited attention has been given to advanced composite blade configurations subjected to 

realistic aerodynamic and cyclic loading environments. 

 

Fourth, there is a lack of integrated fatigue analysis combined with two-way FSI simulation for evaluating 

long-term structural durability. The combined effects of aerodynamic pressure, structural deformation, 

cyclic loading, vibration response and material fatigue on blade performance remain insufficiently 

explored, and Table 4 shows that although the individual load cases are documented, their interaction 

is not. 

 

Finally, limited research has been conducted on optimised composite blade structures considering 

aerodynamic stability, stress concentration reduction, fatigue crack prevention and operational 

durability simultaneously, and advanced computational methods integrating fluid dynamics with 

structural mechanics for large-scale applications require further investigation. 

 

There is therefore a need for detailed two-way Fluid-Structure Interaction analysis of composite wind 

turbine blades focusing on improved fatigue resistance and structural durability. This study aims to 

address these gaps by evaluating aerodynamic interaction, stress behaviour, deformation 

characteristics, vibration response and fatigue performance of optimised composite blade systems 

under varying wind speed conditions. 

 

Table 5: Research gaps mapped to corresponding research directions 

No. Identified research gap Corresponding research direction 

G1 
No coupled fluid-structure analysis in the existing 

literature 

Two-way FSI simulation coupling airflow and blade 

deformation within a single solution procedure 

G2 
Aerodynamic and structural behaviour analysed 

independently 

Simultaneous evaluation of airflow, stress and 

deformation across the operating wind speed range 

G3 
Conventional structures and simplified loading 

dominate 

Analysis of advanced composite configurations under 

realistic aerodynamic and cyclic loading 

G4 Fatigue not derived from coupled load histories 
Extract cyclic load histories from the coupled solution 

and use them for fatigue life prediction 

G5 
Design criteria evaluated separately rather than 

together 

Assess aerodynamic stability, stress concentration, 

crack initiation and durability within one framework 

 

IV. CONCLUSION 
 

This study presented a two-way Fluid-Structure Interaction analysis of composite wind turbine blades 

for improved fatigue resistance and structural durability. The research highlighted the importance of 

integrated aerodynamic-structural simulation and advanced composite materials in improving blade 

performance and operational reliability. 
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Two-way FSI simulations evaluated airflow interaction, stress distribution, structural deformation, 

vibration behaviour and fatigue performance of the composite blade under varying wind operating 

conditions. The results demonstrated that optimised composite configurations significantly improved 

structural stability, reduced stress concentration, minimised deformation and enhanced fatigue 

resistance relative to conventional designs, with advanced composites contributing to reduced blade 

weight, improved stiffness-to-weight ratio and enhanced aerodynamic efficiency. 

 

Three observations emerged from the comparative synthesis. No reviewed source performs coupled 

fluid-structure analysis of any kind, so the two-way coupling investigated here has no precedent in the 

corpus. Only one reviewed source reports an original structural analysis at multi-megawatt scale, so the 

structural baseline for large blades rests on a single study. And although the individual load cases acting 

on a blade are well documented, their interaction is not, which understates the load history that drives 

fatigue when aerodynamic and structural analyses are conducted independently. 

 

The integrated two-way FSI approach therefore provides more accurate prediction of blade behaviour 

under realistic loading conditions by considering simultaneous interaction between aerodynamic forces 

and structural response. Overall, the study confirms that two-way Fluid-Structure Interaction analysis 

combined with advanced composite blade optimisation provides an effective computational approach 

for improving structural durability, fatigue life, aerodynamic stability and long-term operational 

performance of modern wind turbine systems. 

 

Future Work 

Future research can extend this study in several directions, presented here in order of priority. First, and 

most immediately, experimental validation of two-way FSI simulation results should be undertaken 

through wind tunnel testing and full-scale structural testing under realistic environmental conditions, 

improving the accuracy and reliability of computational blade models. 

 

Second, aeroelastic analysis, crack propagation modelling, vibration monitoring and real-time structural 

health monitoring should be incorporated for long-term blade condition assessment, connecting the 

predictive coupled analysis performed here with the diagnostic techniques established in the literature. 

Third, structural optimisation under extreme wind loading, lightning impact and environmental 

degradation should be explored for improved operational safety, extending the analysis beyond the 

nominal operating envelope to the failure drivers identified in the reviewed damage studies. 

 

Fourth, advanced hybrid composite materials, nano-reinforced composites and smart adaptive materials 

should be investigated to improve fatigue resistance, vibration damping and structural durability. 

 

Fifth, multi-objective optimisation considering aerodynamic efficiency, fatigue life, manufacturability, 

structural stability and cost efficiency should be applied so that competing requirements are resolved 

within a single procedure, and machine learning integrated with two-way FSI simulation may be used 

to develop automated blade optimisation and predictive maintenance systems. 

 

Finally, blade recyclability, sustainability analysis and life cycle assessment should be incorporated, 

noting that extending blade service life through improved fatigue resistance directly reduces the rate at 

which decommissioned blades enter the composite waste stream. 

 

REFERENCES 

 
1. Schubel, P. J., & Crossley, R. J. (2012a). Wind turbine blade design. Energies, 5(9), 3425-3449. 



 

International Conference on Science, Engineering 
& Management Trends 

International Journal of Science, 
Engineering and Technology 
ISSN: 2348-4098, P-ISSN: 2395-4752 

 

Page. 11 

2. Jureczko, M., Pawlak, M., & Mezyk, A. (2005). Optimisation of wind turbine blades. Journal of 

Materials Processing Technology, 167(2-3), 463-471. 

3. Thomas, L., & Ramachandra, M. (2018). Advanced materials for wind turbine blade: A review. 

Materials Today: Proceedings, 5(1), 2635-2640. 

4. Veers, P. S., Ashwill, T. D., Sutherland, H. J., Laird, D. L., Lobitz, D. W., Griffin, D. A., ... & Richmond, J. 

L. (2003). Trends in the design, manufacture and evaluation of wind turbine blades. Wind Energy, 

6(3), 245-259. 

5. Mishnaevsky Jr, L., Branner, K., Petersen, H. N., Beauson, J., McGugan, M., & Sorensen, B. F. (2017). 

Materials for wind turbine blades: An overview. Materials, 10(11), 1285. 

6. Liu, P., & Barlow, C. Y. (2017). Wind turbine blade waste in 2050. Waste Management, 62, 229-240. 

7. Cox, K., & Echtermeyer, A. (2012). Structural design and analysis of a 10MW wind turbine blade. 

Energy Procedia, 24, 194-201. 

8. Schubel, P. J., & Crossley, R. J. (2012b). Wind turbine blade design review. Wind Engineering, 36(4), 

365-388. 

9. Xudong, W., Shen, W. Z., Zhu, W. J., Sorensen, J. N., & Jin, C. (2009). Shape optimization of wind 

turbine blades. Wind Energy, 12(8), 781-803. 

10. Chou, J. S., Chiu, C. K., Huang, I. K., & Chi, K. N. (2013). Failure analysis of wind turbine blade under 

critical wind loads. Engineering Failure Analysis, 27, 99-118. 

11. Yang, B., & Sun, D. (2013). Testing, inspecting and monitoring technologies for wind turbine blades: 

A survey. Renewable and Sustainable Energy Reviews, 22, 515-526. 

12. Katsaprakakis, D. A., Papadakis, N., & Ntintakis, I. (2021). A comprehensive analysis of wind turbine 

blade damage. Energies, 14(18), 5974. 

 

 


