


[bookmark: _Toc239420691]Abstract 
This report presents a preliminary study into the design and development of next-generation wind turbine blades aimed at improving energy efficiency while reducing maintenance costs. The purpose of the report was to identify suitable design parameters, materials, manufacturing processes and cost considerations. The report examined key design parameters including aerodynamic performance, structural strength, fatigue resistance, weight reduction and environmental durability. A comparison of metals, ceramics and polymer-based composites found that polymer-based composites offer the best combination of the mechanical properties required for wind turbine blade applications. 
Based on the findings, polymer-based composite materials manufactured using advanced composite moulding techniques are recommended as the optimal solution. This combination provides enhanced energy efficiency, improved durability and reduces lifecycle costs. Making it suitable for next-generation wind turbine blade applications. 
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[bookmark: _Toc239420693]1. Introduction 
Wind energy is becoming an increasingly important source of renewable energy worldwide with continued investment in onshore and offshore wind developments. In Wales alone there are currently 60 onshore wind farms with a further 65 proposed developments (CRPW, 2026). Wind turbines typically have three blades that rotate continuously as a result of aerodynamic forces generated by the interaction between the blade and the wind. This rotational mechanical energy is then converted into electrical energy through a generator (Robinson, 2025). The design of wind turbine blades is therefore critical to the overall performance of a turbine as blade geometry, materials and structural properties directly influence the energy captured. 
This report investigates wind turbine blade design parameters, material selection, manufacturing processes, production costs and mechanical performance to identify the most suitable solution for next-generation wind turbine blades. Metals, ceramics and polymer-based composites are compared to identify the most suitable material and manufacturing process for developing lightweight, durable and energy-efficient next-generation wind turbine blades. 

[bookmark: _Toc239420694]2. Literature Research 
[bookmark: _Toc239420695]2.1 Aerodynamic Profiles 
[bookmark: _Toc239420696]2.1.1 Lift-to-Drag Ratio
Lift and drag are the fundamental forces involved in wind turbine aerodynamics. Lift is generated perpendicular to the apparent wind direction, while drag acts parallel and opposite to the apparent wind direction. The tangential component of the aerodynamic force contributes to the rotation of the blade, while the normal component contributes to loading and bending of the blade. To ensure a highly efficient wind turbine, lift should be maximised whilst minimising drag (Robinson, 2025). 
A high L/D ratio indicates that the blade generates a large amount of lift while producing a small amount of drag, indicating greater aerodynamic efficiency (Hall, 2024). The aerodynamic performance of an airfoil is commonly assessed using the L/D ratio. It is calculated by dividing the lift coefficient by the drag coefficient and provides an indication of the aerodynamic efficiency of an airfoil. A higher L/D ratio generally indicates that the airfoil can generate greater lift relative to the drag produced, which is desirable for wind turbine blade applications (Hall, 2023). 
Figure 1 illustrates how the true wind direction and blade rotation combine to create the apparent wind direction acting on the airfoil. This apparent wind produces aerodynamic forces on the airfoil, with the resulting lift and drag forces being resolved into tangential and normal components. The tangential component produces the turning force that drives rotor rotation, while the normal component contributes to the bending force acting on the blade.
[image: ]
[bookmark: _Toc239420660][bookmark: _Toc239421167]Figure 1 – Wind turbine blade aerodynamic force and apparent wind direction  (Faizan, 2025) 
[bookmark: _Toc239420697]2.1.2 Airfoil Design 
Airfoils are the foundation of turbine blade design because they ensure that aerodynamic forces are effectively generated whilst maintaining structural durability (Energy.Gov, 2023). Each aspect of a wind turbine blade including its shape, curvature and thickness is engineered to control how air behaves as it passes over the surface (Science Insights , 2026). The shape and curvature of an airfoil create a pressure difference between the upper and lower surfaces of the blade, which generates lift. The resulting aerodynamic forces contribute to the rotational motion of the rotor, allowing a proportion of the winds kinetic energy to be converted into useful mechanical energy.
[bookmark: _Toc239420698]2.1.3 Power Coefficient 
Power coefficient (Cp) is a measure of wind turbine aerodynamic efficiency (Watson, 2015). The power coefficient varies with the tip speed ratio and other operating conditions. The Cp value at a given operating condition can be used to determine the proportion of the available wind power that is captured by the turbine. 
The Betz limit states that no wind turbine can theoretically extract more than 59.3% of the kinetic energy available in the wind (Emson, 2026). In practice, the maximum Cp is considerably lower than the Betz limit due to aerodynamic, mechanical and electrical losses. Modern wind turbines typically achieve peak Cp values of approximately 0.3-0.4, depending on the turbine design and operating conditions. 
[bookmark: _Toc239420699]2.1.4 NACA 4412 Airfoil
The NACA 4412 airfoil has a maximum camber of 4% of the chord length, located at 40% of the chord length from the leading edge and a maximum thickness of 12% of the chord (Airfoil Tools , 2026). This airfoil can produce high lift while maintaining good aerodynamic efficiency over a range of operating conditions. 
The NACA 4412 profile will therefore be used as the airfoil geometry for the proposed blade design, with its camber and thickness characteristics providing a suitable balance between aerodynamic performance and structural requirements. 
[bookmark: _Toc239420700]2.2 Material Properties 
Material properties are a critical aspect of wind turbine blade design, as the blade must withstand aerodynamic loads, environmental conditions and stresses throughout its service life. The key properties to be considered include tensile strength, density, stiffness, fatigue resistance and corrosion resistance. These properties directly affect the blade strength, weight, durability and overall performance. 
Different material groups offer a different combination of these properties. Metals generally provide higher strength and stiffness but can have a relatively high density. Ceramics can offer excellent stiffness and hardness, but are very brittle and may be less suitable for this application. Composite materials such as glass-fibre-reinforced polymers (GFRP) provide a useful combination of both low density, high strength and a good fatigue resistance making them particularly suitable for wind turbine blade applications. Table 1 compares the key material properties of three different materials and highlights the advantages and limitations of each option. 
[image: ]
Table 1 – Comparison of Material Properties (Material Properties, 2026)
Table 1 indicate that GFRP is particularly promising for wind turbine blade applications due to its low density of 1.6 g/cm³, which can significantly reduce blade weight, while its tensile strength of 480–800 MPa provides sufficient strength to withstand operational loads. In addition, its fatigue strength of 100–200 MPa suggests good resistance to the repeated cyclic loading experienced by wind turbine blades. 
[bookmark: _Toc239420701]2.3 Optimal Blade Dimensions 
The geometric design of a wind turbine blade plays a crucial role in determining aerodynamic efficiency, structural performance and energy capture (Eureka, 2025). Key design parameters include blade length, tip speed ratio (TSR), chord taper and twist profile. TSR affects the aerodynamic efficiency of the rotor as it represents the ratio of the blade tangential velocity of the actual wind speed (Wartsila, 2026). 
Additionally, blade taper and twist profiles are used to optimise the distribution of aerodynamic forces along the blade span, improving lift generation, reducing drag and ensuring efficient operation under varying wind conditions (Voltsys, 2025). Blade length also influences the swept area of the rotor, with a larger rotor radius allowing the turbine to intercept a greater volume of moving air and potentially increase energy capture (Lee, 2025). 
For the proposed blade design a linear chord taper from approximately 0.4 m at the root to 0.1 m at the tip will be considered, in accordance with the design requirements provided in the assignment brief. The blade will also be assessed at spanwise sections of r/R = 0.2, 0.4, 0.6, 0.8 and 1.0 to evaluate how the aerodynamic geometry changes along the blade.
[bookmark: _Toc239420702]2.3.1 Comparison of Existing Designs 
Three existing commercial wind turbines were researched to understand how blade geometry influences turbine performance. 
[image: undefined]The Vestas V90 is a Danish-designed turbine. It is a smaller turbine with rotor diameter of 90m as seen in figure 3 and a lower rotor diameter making it suitable for a range of onshore operating conditions (WTM, 2026). The calculated TSR as shown in table 1 is rated a 6 which is below the ideal average (Edghill, 2026). The rotor and blade are manufactured using fibreglass reinforced with epoxy resin (WTM, 2026) which has excellent fatigue resistance and mechanical strength (Wingwai, 2025).  [bookmark: _Toc239420661][bookmark: _Toc239421168]Figure 2 - Vestas V90 Wind Turbine (WTM, 2026)

[image: ]The Enercon E-138 is a German engineered turbine, it has a slightly higher TSR with a larger rotor diameter of 138m to maximise energy capture as shown in figure 3 (Matysik, 2025). It has integrated SCADA Edge systems to allow for regular updates and real-time performance monitoring (Turbines, 2026). As calculated in table 1, the TSR is 7 which is the most common value for a three-blade wind turbine (Edghill, 2026). The blade material is E-glass fibre reinforced epoxy (Bauer, 2025) which has a high tensile strength and is low weight (Goodfellow, 2024). [bookmark: _Toc239420662][bookmark: _Toc239421169]Figure 3 - Enercon E-138 (Enercon , 2026)

[image: ]The Siemens Gamesa SG 4.5-145 is manufactured in Spain and has the largest rotor diameter of 145m. The larger rotor diameter and relatively high TSR offers high energy capture and aerodynamic efficiency (Wind Turbine Model, 2026). The turbine is made from a fiberglass reinforced with epoxy resin and has a three-stage gearbox and flexible power-ratings (Siemes Gamesa, 2025). The calculated TSR is approximately 7 which is within the typical operating range (Edghill, 2026). [bookmark: _Toc239420663][bookmark: _Toc239421170]Figure 4 - Siemens Gamesa SG 4.5-145 (Wind Turbine Model, 2026)
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Table 2 - Comparing three wind turbine parameters
[bookmark: _Toc239420703]2.4 Environmental Factors 
Environmental factors have a significant impact on wind turbine blade performance. Changes in wind speed and direction cause continuous variations in the aerodynamic forces acting on the blade. Operating conditions such as temperature, rain, ice and airborne particles can affect blade efficiency as they alter the aerodynamic surface and operating conditions. These environmental effects can influence aerodynamic performance, structural loading and long-term reliability. Although wind turbine construction has a negative environmental impact (Bashir, 2021), blade design must account for environmental conditions to ensure the reliability, durability and efficiency of the turbine throughout its service life. 


3. [bookmark: _Toc239420704]Design Specifications 
Based on the research into existing onshore wind turbines, a set of design specifications was established for the proposed wind turbine blade. The design aims to maximise aerodynamic efficiency while maintaining structural integrity and minimising material usage. Parameters including rotor radius, chord distribution, airfoil profile, operating conditions and performance requirements were selected based on the characteristics of modern three-bladed horizontal-axis wind turbines.
3.1 [bookmark: _Toc239420705]Operating Conditions 
The blade will be designed for a nominal wind speed of 12 m/s and a standard sea-level air density of 1.225 kg/m³. A target power coefficient of 0.40 was selected, as this is representative of the target aerodynamic efficiency for the proposed design and remains below the Betz limit. The blade was designed to achieve a lift coefficient of approximately 1.26.
[image: ]
Table 3 – Proposed blade design specifications  


3.2 [bookmark: _Toc239420706]Rotor Geometry 
A blade length of 70m was selected for the proposed design based on the comparison of existing commercial wind turbines presented in Section 2.3.1. The selected length is comparable to the 66.8m blade length of the Enercon E-138 and the 71m blade length of the Siemens Gamesa SG 4.5-145. This provides a realistic basis for a large-scale three-bladed onshore wind turbine while providing a sufficiently large swept area for effective wind energy capture. 
[image: ]
Table 4 – Rotor Geometries
[bookmark: _Toc239420707]3.3 Blade Section Geometry 
The detailed NACA 4412 coordinate calculations used to generate the upper and lower airfoil surfaces are provided in Appendix 1 and 2.
[image: ]
Table 5 – Calculated Blade Geometries
The calculated blade geometry demonstrates that both the local flow conditions and blade twist change along the blade span. Assuming a constant design angle of attack of 4°, the required twist therefore decreases from 25.05° at r/R = 0.2 to 2.34° at r/R = 1.0. This progressive reduction in twist is required to maintain the desired aerodynamic angle of attack along the blade and optimise aerodynamic performance.
4. [bookmark: _Toc239420708]Material Selection 
A Weighted Decision Matrix (WDM) was used to select the most suitable material for a modern wind turbine blade. Each material was assessed against criteria considered important for wind turbine blade performance, including mechanical properties, ease of manufacturing, cost and environmental impact. Weightings were assigned according to the relative importance of each criterion, and the material with the highest overall score will be considered for the final blade design. 
[image: ]
[bookmark: _Toc239420664][bookmark: _Toc239421171]Figure 5 – Weighted Decision Matrix 
The weighted decision matrix resulted in aluminium alloy and GFRP achieving the same overall score of 3.60, while silicon carbide achieved a lower score of 2.85. GFRP has a lower density and higher strength-to-weight ratio, which can help reduce blade mass and structural loading. Although aluminium alloys offer good strength, ease of manufacture and recyclability, GFRP provides a more favourable combination of low density, tensile strength and fatigue resistance for wind turbine blade applications. The exploration of manufacturing routes and cost analysis will provide further comparison to help justify the recommended material, as the WDM alone does not provide a definitive selection. 

5. [bookmark: _Toc239420709]Exploration of Manufacturing Routes 
The manufacturing process chosen will influence the cost, quality, structural performance and environmental impact of wind turbine blades. Due to their large size and complex aerodynamic geometry, the manufacturing method must be capable of producing lightweight structures with high strength and consistent quality. The WDM resulted in aluminium alloy and GFRP achieving the same overall score; therefore, their manufacturing routes will be researched and evaluated to determine which provides the most suitable combination of productivity, quality, cost and performance.
5.1 [bookmark: _Toc239420710]Aluminium Alloy Manufacturing 
[bookmark: _Toc239420711]5.1.1 Extrusion 
Aluminium alloys are heated and forced through a specially shaped die to produce long sections with the required aerodynamic profiles. The extrusion process can produce these long sections which can then be cut and formed as required before being assembled into the final blade structure (Hydro , 2024). For a large wind turbine blade, multiple extruded sections would be required because producing a complete 70 m blade through a single extrusion operation would not be practical. 
[image: Understanding Extrusion Process: How It Shapes Modern Industries]
[bookmark: _Toc239420665][bookmark: _Toc239421172]Figure 6 – Extrusion Process (MXY, 2025)
[bookmark: _Toc239420712]



5.1.2 Casting 
Casting is a manufacturing process that can be used to produce metal components used in wind turbine blades. The process involves heating a metal until it becomes molten and then pouring it into a mould that contains the required geometry. Once the metal cools and solidifies, the components are removed. Casting is generally more suitable for specific blade components rather than manufacturing the entire blade as large-scale metal blades would require welding to join together as shown in figure 9. This increases manufacturing complexity and cost, while the relatively high density of metals would also result in a heavier blade compared with GFRP.
[image: Wind Turbine Blade Forming Process - Boland Energy]
[bookmark: _Toc239420666][bookmark: _Toc239421173]Figure 7 – Metal Casting turbine blade (Boland, 2024)
[bookmark: _Toc239420713]5.1.3 Comparison of defects and mitigations 
Both extrusion and casting can produce defects that affect the mechanical performance and reliability of aluminium components. Defects such as cracking, porosity and surface imperfections can reduce strength and act as stress concentration points, potentially leading to premature failure under the cyclic loading experienced by wind turbine blades. Table 6 summarises common defects associated with aluminium extrusion and casting and the mitigation strategies that can be used to reduce their occurrence.
[image: ]
Table 6 – Comparison of extrusion and casting
[bookmark: _Toc239420714]5.2 GFRP Manufacturing 
[bookmark: _Toc239420715]5.2.1 Vacuum Infusion 
Vacuum infusion is a composite manufacturing technique that uses an atmospheric pressure difference to draw resin through dry reinforcement fibres and into a mould under vacuum. This manufacturing process is commonly used for large composite structures, including wind turbine blades. Dry reinforcement fibres are laid into a mould according to the required blade geometry, followed by the application of a peel ply, flow media and vacuum bagging film. A vacuum is then applied to remove air from the mould before resin is introduced and drawn through the fibres by the pressure difference. Once the fibres have been fully impregnated, the resin is allowed to cure, producing a strong and lightweight composite blade (Pultrusion, 2025).
[image: ]
[bookmark: _Toc239420667][bookmark: _Toc239421174]Figure 8 – Vacuum Infusion diagram (Winkelmann, 2020)
[bookmark: _Toc239420716]5.2.2 Resin Transfer Moulding (RTM) 
RTM is a low-pressure injection moulding process where a mixture of resin and catalyst is injected into a mould containing dry fibre reinforcement. This process can be automated which results in higher production rates with less scrap material which is better for the environment. It also has relatively low tooling costs and can produces close dimensional tolerances (BPF, 2026).
[image: ]
[bookmark: _Toc239420668][bookmark: _Toc239421175]Figure 9 – Resin Transfer moulding diagram (BPF, 2026)
[bookmark: _Toc239420717]5.2.3 Comparison of defects and mitigations
Both vacuum infusion and resin transfer moulding (RTM) can produce manufacturing defects that may affect the quality and structural performance of GFRP wind turbine blades. Defects such as voids, dry spots, porosity and fibre distortion can reduce the strength and fatigue resistance of the composite and may lead to premature failure under repeated loading. Therefore, effective process control and defect mitigation are essential to ensure the reliability and durability of the finished blade. Table 7 summarises the common defects associated with vacuum infusion and RTM and the mitigation strategies used to minimise their occurrence.
[image: ]
Table 7 – Comparison of vacuum infusion and RTM


6. [bookmark: _Toc239420718]Cost Evaluation 
The cost evaluation will show that both material selection and manufacturing method have a significant influence on the overall cost of wind turbine blade production. Aluminium alloys have relatively low raw material costs, but casting and extrusion require additional tooling and processing. GFRP has a higher material cost however its low weight, strength and suitability for large-scale blade manufacture provide significant advantages. Vacuum infusion is particularly attractive because it requires less expensive tooling than RTM, making it more suitable for the proposed 70m blade. RTM can reduce labour requirements and improve production consistency, but the high cost of large closed moulds increases the overall manufacturing cost. Ceramic materials have the highest estimated costs due to their processing requirements and limited suitability for large structural blades. 
6.1 [bookmark: _Toc239420719]Comparison table of material and manufacturing costs 
Comparisons shown in Table 8 are estimated ranges obtained from various websites. All values should therefore be treated as approximate and should not be considered industry-standard figures. 
[image: ]
Table 8 –Comparison of Materials and Manufacturing Costs (UK Metal Prices, 2026)
[bookmark: _Toc239420720]6.2 Cost-performance and Trade-Offs
Overall, GFRP manufactured using vacuum infusion provides the strongest cost-performance balance for a lightweight structural application. Aluminium alloy is more attractive where recyclability and established manufacturing are priorities, while SiC is economically justified mainly when its exceptional thermal and wear properties are required. Overall, vacuum-infused GFRP provides the best balance between material cost, manufacturing cost, scalability and performance.


[bookmark: _Toc239420721]7. Mechanical Properties Analysis 
[bookmark: _Toc239420722]7.1 Aerodynamic Force Calculations 
The aerodynamic loading on the proposed 70 m blade was calculated at five spanwise sections. Lift and drag distributions were calculated using the design wind speed of 12 m/s, air density of 1.225 kg/m³, design lift coefficient of 1.26 and drag coefficient of 0.0176. The results in table 9 show that aerodynamic loading decreases towards the blade tip as the chord length reduces. 
[image: ]
	Table 9 – Aerodynamic loading along the blade 	
The geometry of the 70m wind turbine blade was developed using the NACA 4412 aerofoil profile. Five radial stations were selected along the blade at 14m, 28m, 42m, 56m and 70m, can be seen in appendices 3,4,5 and 6. The chord length and twist angle were varied along the blade to represent the required aerodynamic geometry. The two-dimensional aerofoil coordinates were scaled according to the local chord and transformed into three-dimensional coordinates using the corresponding radial position and twist angle. The resulting coordinates were used to define the blade geometry for the subsequent structural analysis, calculations of the root can be seen in table 10. 
[image: ]
Table 10 – NACA 4412 coordinate table for Root 
[bookmark: _Toc239420723]7.2 Applied Loading 
The aerodynamic forces acting along the blade produce both flapwise and edgewise bending loads, as well as torsional loading. The calculated distributed loads were used to determine the bending force, section bending moment and torque at each spanwise position. The results are presented in table 10.
[image: ]
Table 11 – Bending and Torque Calculations





[bookmark: _Toc239420724]8. Comparative Analysis 
[image: ]
Table 12 – Comparison Table 
GFRP manufactured using vacuum infusion provides the best overall combination of low weight, good mechanical performance, corrosion resistance and suitability for large-scale blade manufacture. Although aluminium alloy provides high stiffness, good fatigue resistance and excellent recyclability, its higher density and tooling requirements increase the weight and manufacturing cost of the blade. Silicon carbide offers very high stiffness and excellent temperature and wear resistance however its high cost, brittleness and manufacturing complexity make it unsuitable for a large 70 m wind turbine blade. GFRP therefore provides the most suitable balance between mechanical performance, weight, manufacturability, cost and environmental considerations. This supports the selection of GFRP with vacuum infusion as the preferred material and manufacturing route for the proposed blade. 

[bookmark: _Toc239420725]9. Blade Drawing 
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[bookmark: _Toc239420669][bookmark: _Toc239421176]Figure 10 – Solid works drawing of Blade 
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[bookmark: _Toc239420670][bookmark: _Toc239421177]Figure 11 – Airfoil NACA 4412 (NACA 4412, 2026)
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[bookmark: _Toc239421178]Figure 12 – Final Solidwork Blade Design 
[image: ]
[bookmark: _Toc239421179]Figure 13 – Final Solidwork Blade Design 



[bookmark: _Toc239420726]10. Conclusion and Recommendations 
The report identified GFRP as the most suitable material for the proposed 70m wind turbine blade due to its low weight, high strength, good fatigue resistance and suitability for large-scale manufacture. Compared with aluminium alloy and silicon carbide, GFRP provides the best overall balance of mechanical performance, cost and manufacturability.
Vacuum infusion is recommended as the preferred manufacturing process because of its low tooling requirements, scalability and suitability for producing large composite blades. Therefore, GFRP manufactured using vacuum infusion is recommended for the final blade design.
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Properties

Material Density (g/cm”3) | Tensile Strength (Mpa)|Elastic Modulus (Gpa) Stiffness |Hardness (Mpa) |Fatigue (Mpa)
Aluminium alloy 2.7 600 70 25.9 240 95
Silicone Carbide 3.1 400-600 410 132 22400 n/a
GFRP 1.6 480-800 35 22-31 400-600 100-200
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Turbine

Parameter Vesta V90 Enercon E-138 Siemens Gamesa SG 4.5-145
Rotor diameter (m) 90 138.3 145
Blade Length (m) 44 66.8 71
Swept Area (m"2) 6362 4260 16513
Rated Power (kW) 2000 15011 4500
Maximum Rotational Speed (rpm)| 14.9 10.8 10.8
\Wind Speed (m/s) 12 12 12
TSR 5.866875 6.534675 6.8295
Blade Material Fibreglass reinforced with epoxy resin| E-glass fibre reinforced epoxy | Fiberglass reinforced with epoxy resin
Number of blades 3 3 3
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Parameter

Specification

Maximum Camber

4% at 40% chord

Maximum Thickness 12% chord
Design Lift Coefficient (Cl) 1.26
Design Drag Coefficient 0.0176
Power Coefficient (Cp) 0.4

Tip Speed Ratio (TSR) 6
Design Wind Speed 12 m/s
Air Density 1.225 kg/m"3
Operating Environment Onshore
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Parameter Value

Blade Length (m) 70
Root Chord(m) 0.4

Tip Chord (m) 0.1
Airfoil NACA 4412

Number of Blades

3
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r/R___|Radial position (m) Chord (m) Local TSR | Flow Angle ¢ | Angle of attack a | Twist angle
0.2 14 0.34 1.2 29.0546041 4 25.0546041
0.4 28 0.28 24 15.524111 4 11.524111
0.6 42 0.22 3.6 10.49147701 4 6.49147701
0.8 56 0.16 48 7.907162703 4 3.9071627

1 70 0.1 6 6.340191746 4 2.34019175
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Materials Selected

Aluminium Alloy Silicon Carbide GFRP

Criteria Weighting |Score Weighted Score Score Weighted Score Score Weighted Score
Density 0.1 4 0.4 2 0.2 5 0.5
Tensile Strength 0.2 3 0.6 3 0.6 5 1
Fatigue Resistance 0.2 3 0.6 3 0.6 3 0.6
Stifness 0.1 3 0.3 5 0.5 4 0.4
Ease of Manufacturing 0.15 5 0.75 3 0.45 3 0.45
Cost 0.15 3 0.45 2 0.3 3 0.45
Environmental Impact 0.1 5 0.5 2 0.2 2 0.2

Total 1 36 2.85 36
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Die lines Cleaned die surfaces
Porosity Degas the molten metals
Shrinking cavities |Appropriate sizes risers
Casting Cold shuts Improve mould design
Inclusions Maintain good furnace temperatures
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Uneven curing
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Material

Aluminium Alloy |Aluminium Alloy |GFRP GFRP Ceramic
Material Type Metal Metal Composite Composite Ceramic
Indicative Material Cost (£/kg) 3-6 3-6 6-12 6-12 8-20
Manufacturing Method Extrusion Casting Vacuum Infusion |Resin Transfer Moulding |Advanced forming / sintering
Labour Cost (£/blade) 5,000-8,000 6,000-10,000 |12,000-20,000 |8,000-14,000 15,000-25,000
Equipment & Tooling (£/blade) 8,000-12,000  |10,000-18,000 |8,000-15,000 20,000-35,000 20,000-40,000
Defect Mitigation / Quality Control (£/blade) |1,500-3,000 2,000-4,000 2,000-4,000 2,000-4,000 3,000-6,000
Overall Cost Level Medium Medium-High  |Medium High High
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Section

Root Mid 1 Mid 2 Mid 3 Tip

R 0.2 04 0.6 0.8 1
Actual radius (m) 14 28 42 56 70
Chord (m) 0.34 0.28 0.22 0.16 0.1
dL/dr (N/m) 37.78488|31.11696 | 24.44904 | 17.78112| 11.1132
dD/dr (N/m) 0.527789| 0.43465 | 0.34151 | 0.248371|0.155232
Flow Angle ¢ 29.0546 | 15.5241110.49148|7.907163 | 6.340192
Ar (m) 14 14 14 14 14
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Section

Root Mid 1 Mid 2 Mid 3 Tip

Flapwise bending (N/m) 4115 365.6 285.1 199.8 111
Edgewise bending (N/m) 221 96.8 48.2 247 10.7]
Bending Force (N) 5761 5118.4| 3991.4| 2797.2 1554
Moment (N.m) 80654| 143315.2| 167638.8| 156643.2] 108780
Torque (N.m) 3094| 2710.4] 2024.4] 1383.2 749

40630.8| 33143.6] 23853.2| 149254
Torque contribution (N.m)| 112553[ 71922.2] 38778.6| 149254 0
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Materials and Processes

Aluminium Alloy |Silicon Carbide GFRP

o
% Density (g/cm*3) 27 3.1 1.8
a
2 |strength High Low High
®
% Stiffness High Very high High
E
= Fatigue Resistance Good Moderate Good

'Weight Moderate Moderate Moderate
= Manufacturing Process | Extrusion, Casting | Hot pressing | Vacuum Infusion, RTM
2 Manufacturing Complexity Moderate High Moderate
S Scalability Good Difficult Very Good
E Void/Defect control High Moderate Moderate
o Manufacturing cost Moderate High Moderate

Tooling cost High Moderate Low
s
5
E Recyclability High Low Low
S
2
w Sustainability High Moderate High
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026 0.028] 0.00801 28] 5o 00072 -002820] 2|
028 0.042] 0,080 28] 501 0.0v22] -0.04034] 2|
028 0.056[ 000767 28] 501002161 -0.05023] 2|
028] 0070007 265041 0029251 -0.06398] 2|
026 0.084] 000633 28] 5041 0.03669] -0.07573] 2|
028 0,112 000504 28] 501 0.05213] -0.09926] 2|
026] 014 000390 28] 5010067211 -0.10087] 2|
026] 068 0,028 28] 5o 0.0823] -0 14649] 2|
026] 0 196] 00072 28] 5o 0097271 -017017] 2|
028] 0224 000709 28] 5o 01201 -0.1939] 2|
028 0.952] 000062 28] 5o _0.12684] -021792] 2|
028 0.256] 000045 28] 501 0.13375] -0.20993] 2|
28] 028[ -0.00038] S T52a 0140881 -0 24198] >





image29.png
Station 3.1 2 at radius 42m

Chord X 7
02 022 000029 47 asurie| 0266 004s77] o)
0220209 000323 426491477012 0.20081]_0.04638] 42
022 0198] 00058 42 649177012 0.1569] 0.04678] 42
022 016 0007 42 649177012 016957 0.0469] 42
022 0B4[ 00w 42 649177012 014763] 0.04625] 42
022 01 00w 42 649177012 012504 0.04452] 42
022 01 002027 42 649177012 010384]_0.06253] 42
022 00s8| 00288 42 6491770120084 0.03529] 42
0220066 002147 42 6491770120007 _0.03468] 42
022 008 00207 42 6.49177012] 0.04%3]_0.03%63] 42
0220084 00193 42 6.491477012]_0.03905] 0.02804] 42
022 00%[ 0013 42 Gagu77oe 0028 00231 42
022 002l 00 426497702 00853 0.0%73] 42
022 005 00167 42 6agu770e 0005 0.0 42
022 0010004 42649177012 000861 0.07246] 42
022 T0055[ 000746 42 6.491477012] 000364 0.00843] 42
0.22] 0.00275] 00053 42649177012 0.00%8] 0.00582] 42
022] 0 q 42 6.43u7701) 0 q 42
0.22] 000775( 0003 42 6.491477012] 0.00334] 00025 42
022 0.0055[ 000429 42 6.491477012]_0.00627] -0.00308] 42
022 001 00054 42 6.49177012] 0078 -0.00308] 42
022 0.0%5( 000603 42 649177012 0.01739] -0,00049] 42
022 0022 000629 42 6.49177012] 0.02283] -0.00%] 42
022 0.033] 000634 42 649177012 0,0336] 0.00062] 42
022 0.084] -0.00603 42 Gagu77oe] 00463 0.0032] 42
0220085 _-0,0085 42 6.491477012] 0.054%] 0.00693] 42
022 0.066[ 000457 42649177012 _0,0656]_0.00878] 42
022 0.0s8] 0,003 42 6.49177012] 008690 0.01432] 42
022 011 000308 42 649177012 0.10826] 0.01873] 42
022 012 0002 42 649177012 0.1296] 0.00514] 42
022 04 000143 42649177012 015097 0.03045] 42
022 10176[ -0.00088 42649177012 _017237] 0.035%] 42
022 10198] 000048 42649770120 15362] 0.04047] 42
022 0,209 00003 42 6.491477012] 0.20456] 0.0427] 42
0.22] 0,22 -0.00029] 42| bAgM770R] 02553 0.04521] 2]





image30.png
Stafion & 1Mid 3 at radhuis S6m

Chord X 7
OE| 0w 00002 56| 39072703] 0121 07 5
06062 00023 56| 3907162703] 0 107%6| 010702 5
06| 0144[ 000434 56| 3907162703] 1 10082] 010051 5
06 018] 000782 56 3907162703] ) 0gee| -0.09434 5
0% 012 0007 56| 3907162703] ) 07373] 008533 5
06 0.0%[ 00007 56| 3907162703] -0 06019] 0.07561] 5
0] 00800 56 3907162703] 0.04749] -0.06604 5
06| 0.084] 0.0%68 56 3907162703] ) 13508] 0,056 5
060048 00662 56| 3907162703] ) 02379] -0.04457) 5
06 0.04[ 0060 56| 3907162703] -0,07641 003857 5
06002 00w 56| 3907162703] 0,073 003233 5
060024 00762 56| 3907162703] 0.00686| 002573 5
06 0.0%| 001054 56| 3907162703] 0 00423] 0,066 5
0600 000922 56| 3907162703] .00227| 0,014 5
060008 000757 56| 3907162703] 000052 0,01 5
060004 000547 56| 3907162703]_ 1 00087| 000668 5
060002 0003 56| 3907162703]_0,00126]_-0,0047) 5
0] q 0 56| 3907162703] 0 q 5
060002 000229 56| 3907162703] 000503| 000025 5
060004 00030 56 3.907162703] - 00505] -0.00067) 5
06| 0.008] -0.00398 56 3907162703] - 00883| -0.00267 5
06001 00043 56| 3907162703] 0,079 0,006 5
06| 00t[ 000458 56| 3907162703] 001471 000779 5
06| 0.024] -0.00461 56| 3907162703] -0.0006] 001331 5
06 0022[ 000438 56| 3907162703] 0,021 01901 5
06 0.0 0004 56| 3907162703] 0,011 002483 5
06| 0.048] 000362 56| 3907162703] -0,03711 003085 5
06| 0.084[ 000268 56| 3907162703] 004514] 004227 5
06 0.08] 00024 56| 3907162703] 0 05523] -0.05367) 5
06 0.0%[ 0008 56| 3907162703] ) 07032] 008537 5
0] 012 00004 56| 3907162703] -0, 08147| 007688 5
06| 0.128] -0.00062 56| 3907162703] 1) 03272] -0.08825 5
06| 0.144[ 000035 56| 3907162703] -0 10407] 00993 5
06 02] 000025 56| 3907162703] -0.10977] 010634 5
0] 0.15] -0.00021] 6] 3 907162703]_-0.1%55] -0.11072) E3





image31.png
Stalion 5 Tip ol radfus 70m.

Chord % 7
T 01 oo 0] 2 3ane7aE] -0.06%6e| 0,077 )
01003 0.00u7] 0] 2 340191745 -0.067] 00672 )
01009l 000277 0] 2 340191745] -0.06456]_0.06276] )
01008l 0.00439] 0] 2 340191745] -0,06917] 0.05406] )
010071 0.00669] 0] 2 34019174s] 0.0535] 10,0453 )
0100/ 0.008] 0] 2 341917as] 0.04759] 003744 )
01005/ 00095 0] 2 3antat7as] -0.04139] 00097 )
01 00s 00098 0] aatat7as] -0.03487] 0,022 )
01003 0.00s7s] 0] 2 3atat7as] -0.02788] 0.0176] )
0100250000847 0] 2 34n19t7as] 0004|0074 )
01 002 0.00a8] 0] 2 3419174s] -0.02024] 000824 )
01 0.086] 0.00789] 0] 2 3401974s] 00%1]_0.00529] )
01 001 0.00859] 0] 2 3aniat7as] 0.07s] 00026 )
01]_00075] 0.00676] 0] 2 340191746] -0.00936] 0,001 )
01 0.005] 0.00473] 70] 2 340191746] -0.00688] 00003 )
0100025 0.00739] 70] 2 340191745] -0.00417] 000056 )
01 0.0005] 0.00244] 70] 2 340191746] -0.00262]-0.0008] )
0 q [y 70 3atavza q 0 )
01 0005 000143 70] 2 34019174s] Q00T| 0.00%9| )
0100025 -0,001%] 0] 2 340191746] -0.00034] 00038 )
010,005 -0.00049] 0] 2 3antat7as] -0.0063] 00052 )
0100075 -0.00074] 0] 2 340191745] -0.00325] 0.00729] )
01 001 -0.0008] 0] 2 3anmat7as]_-0.0043]0.0091] )
01 0.0/ -0.00088] 0] 2 aantat7as] 0,00837] 0,078 )
01 0.l -0.00074] 0] 2 34n1at7as] -0.0195]_0.0%627] )
01 0.05] 0.0025] 702 santa7as] 00ke| 0.0%7] )
01 0031 -0.002%6] 0] 2 3antat7as] 0.01825] 0,031 )
01 00s 0008 0] 2 340191745] -0,008654] 0,099 )
01005 0o0] 0] 2 340191746] -0.03378] 0.03629] )
01 00sl o007 0] 2 3anmat7as] 004102 0,043 )
010071 -0.00068] 0] 2 3atat7as] -0.04823] 005074 )
01008 -0.00039] 0] 2 3atat7as] -0.05638] 006774 )
01009l -0.00022] 0] 2 34019174s] -0.06246] 00648 )
01 0.09] -0.0007%] 70] 2 340191745] -0,0659] 10667 )
01 0] -0.0003] 70] 2 340131746] 0.06348]_0.07132] 0]





image32.png
Chord (m) [x [Thickness (yt) [Camber line (yc) [Camber Slope [Theta [ u X ]
42| 02] 005737543 0.03] 0.1] 0.197396] 0.188748| 0.086261] 0.211252] -0.02626
3.4] 0.4] 0.058030108] 0.04] 0| 0.380506] 0.378448] 0.09388| 0.421552] -0.01288
26| 06] 0.045633691| _ 0.515555556] -0.044444444] 0.54042] 0.576522] 0.554686] 0.623478| 0476425
18 08| 0.02623118] _ 0.662222222] -0.083888889] 0.674741| 0.783614] 0.682705] 0.816386] 0641739

1 1 0.00126] 08| -0.132333333] 0.785398] 0.999109] 0.800891] 1.000891] 0.799109
Accurate Airfoil
Chord (m)

42| 3.4] 26] 18] 1

xu 0.79274056] __1.28672374] 1.498956] 1.410504] 0.999109)

Upper surface [yu 0.362297199] 0319190651 1.442184] 1.22887| 0.800891

x 0.88725944] _1.43327626] 1.621044] 1.469496] 1.000891

Lower surface [yl 0110297199 _-0.047190651| 1.238705] 1.15513] 0.799109)





