





Abstract:
This report presents a feasibility study for the development of wind turbine blades, commissioned for a client seeking improved performance and reduced maintenance costs. As part of the companies engineering team, the study explores four critical aspects: design parameters, material selection (covering metals, ceramics, and polymer-based composites), manufacturing processes including potential defects, and overall cost considerations. The goal is to identify solutions that result in lightweight, durable, and highly efficient blades. This report provides an initial foundation for future development, guiding design choices that align with both technical and economic objectives in the renewable energy sector. 
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[bookmark: _Toc194856984]Introduction:
With the growing global emphasis on sustainable energy, wind power emerges as a component of the renewable energy section. The performance and reliability of wind turbine blades are critical to maximizing energy output and reducing downtime. In response to a recent client request, the company have launched a feasibility study to explore the potential for designing and manufacturing a new generation of wind turbine blades that are lighter, more durable, and more efficient than current models.
This report investigates four main areas essential to this development:
Design parameters that impact efficiency and performance.
Material options including metals, ceramics, and polymer-based composites, assessed for strength-to-weight ratio, durability, and cost-effectiveness.
Manufacturing processes with attention to processing defects that affect blade integrity.
A review of costs, including materials, production methods, and long-term maintenance implications
The study aims to determine the feasibility of producing high-performance blades that meet the client’s objectives while supporting the Companies commitment to evolving wind energy technology.










Task 1: 
Literature Review: Orange is my own words
1. Optimal blade dimensions & aerodynamic shapes:
To maximize energy capture from turbine blades you will need to depend on carefully optimizing blade dimensions and aerodynamic shape. This Is to increase performance, limit material costs, and maintain structural integrity. “Note that from a wind energy industry perspective, the design objective is to minimize the levelized cost of energy (LCOE). In minimizing LCOE, several other factors, e.g., blade loads, blade weight, cost of the materials used, etc., become very important and sometimes aerodynamic efficiency is intentionally sacrificed to obtain a lower LCOE.” (Sharma, 2020)
Blade Length/Rotor Radius:
Main influence on overall power output: Power is proportional to the swept area of the rotor.  Longer blades/larger rotor radius will help capture more overall wind energy.
Sizes of typical wind turbine blades:
· Onshore: 40 to 70 meters radius (Single blade) 
· Offshore: “70 to 100+ meters radius (Single blade)  
Examples: 
Onshore: “GE 2.8 MW-127 has a radius of 63.5m” (Power, 2025)
Offshore: “Vesta V236-15.0 MW has a radius of 118m“ (Vestas, 2023)
The Optimal turbine blade length will depend on other conditions. For example, Wind speed, Land constrains and turbine rating. “there is no one perfect blade length. The blade length depends on the size of the wind turbine, wind speed in the areas, and other factors such as local regulations or restrictions.”  (Hutt., 2022)
Aerodynamic Shape:
Key targets:
· Maximize lift-to-drag ratio
· Maintain high structural strength
· Eliminate stall at varying wind speeds
Aerodynamic profile of NACA 4412 airfoil:
“The aerofoil is a key concept in aeronautical engineering, which is defined as the geometric shape and curvature of the aeroplane wing section under specific conditions. The aerofoil is an important factor affecting the aerodynamic performance of an aircraft, as it has been found through previous studies that the lift and drag on the aerofoil will change with the change of the aerofoil shape and angle of attack. The shape of the cross-section of the wing determines the relationship between these aerodynamic forces and the angle of attack, thereby determining the performance of the wing.” (Zhang, 2025)
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(Figure 1) (Heffley, 2007)
Root (close to centre mount/hub):
· Thicker section with more structural support.
· Lower lift.
· Airfoil design: Flat-bottom or thick NACA profiles (NACA 63 or DU-97 series).
Middle section of blade:
· Optimized for mix of lift and structural support.
· Airfoil design: Moderate thickness, optimized for Lift/drag. 
Tip of blade:
· Thin, high-lift airfoils to maximize energy capture
· Airfoil design: Thin NACA 64-series or custom optimized airfoils
· Tip design may include taper and twist to reduce vortex losses


Blade Twist and Taper:
Twist: From hub to tip. To maintain maximum angle of attack along span. Higher speeds will require lower angle of attack. (Shepherd, 2013)
Taper: Narrow tip to lower mass and centrifugal load. (Shepherd, 2013)
4. Optimal Blade Aspect Ratio (AR)

High Aspect Ratio - Long/Narrow blades:
· Higher aerodynamic efficiency
· Lower drag
· Common in modern turbines
5. Number of Blades: Three blade wind turbines:
· Smooth rotation/even torque
· Efficient energy capture
· Structural stiffness and aesthetically pleasing
Optimal Blade Design:
[image: ]
(Figure 2) (Hutt., 2022)
2. Critical Design Perameters:
Aerodynamic Parameters
Lift-to-Drag Ratio:
· Defined: Higher L to D means more energy per unit of drag.
· Lift to drag ratio important because: Maximizing L to D improves aerodynamic efficiency, increasing power output. 
· Target: “>100:1 some blade sections” (Heffley, 2007)


Angle of Attack:
· Defined: Angle between variable wind and chord line.
· Importance: Maintain high lift without stalling.
Tip Speed Ratio:
· Defined: Ratio between tangential speed of tip and wind speed. Related to efficiency. High tip speeds will result in high noise levels. 
· Optimal Range: 6–10 for horizontal-axis turbines.
· Affects: Efficiency, torque, noise, and shape. (Zhang, 2025)
Fatigue Resistance:
· Main Key materials: Fiberglass, carbon fiber.
· Design approach: Use SN-curves, “S-N curve, also known as a Wöhler curve plots applied stress (S) against component life or number of cycles to failure (N). Engineers use this method to determine the fatigue life of a material” (Material Properties, 2024), rain flow counting, and fatigue safety factors in design. 
Weight Distribution:
· Goal: Lower mass and centre of gravity near hub.
· Importance: Reduced loads (gravitational/centrifugal) and improved dynamic stability.
· Methods: Blade tapering, lightweight materials/composites. (Shepherd, 2013)
Tip Deflection Limits:
· Importance: Stop the blade from colliding with structure.
· Restriction: Limited to 80% of the distance to tower (maximum loading).

3. Material Insights:
Density/Tensile strength/Fatigue resistance:
Metals: “(Aluminum) 2.7 g/cm³ – (Tungsten) 19.3 g/cm³ (High density)” (Groover, 2011)
200 MPa – 2000+ MPa (High/strong) (HS Steel 1500 MPa)
Fatigue resistance = Good 
Limitations: High density/weight, Corrosion issues, high costs (Alloys). 
(Groover, 2011)
---------------------------------------------------------------------------------------------------------------------------
Ceramics: “2.0 g/cm³ - 6.0 g/cm³ (Lower than metals)” (Groover, 2011)
100 MPa – 500 MPa (Brittle)
Fatigue resistance = Poor (Brittle)
Limitations: Poor tensile strength/fatigue resistance, hard to manufacture/machine, expensive.
(Groover, 2011)
---------------------------------------------------------------------------------------------------------------------------
Polymer composites: “1.2 g/cm³ - 2.5 g/cm³ (Low density) (E.g Carbon fiber 1.6 g/cm³)” (Groover, 2011)
200 MPa – 2500 Mpa (Greater than metals) (Carbon fibre composites are strong).
Fitigue resistance = Moderate (Can be modified to increase fatigue)
Limitations: Expensive (carbon fibre), delamination issues, moisture sensitive, hard to recycle.
4. Supporting Evidence:
ADD HERE













Task 2: Exploration of Manufacturing Routes:
1-2: Manufacturing processes for each material/Manufacturing Process details:
Manufacturing:
· “Blades must be designed to a manufacturable scale. Especially for large offshore blades (greater than 80m).” (Gautam, 2025)
· “Tooling, transportation, and assembly logistics must be considered due to the shear size of the blades.” (Gautam, 2025)
Metals (Aluminium Alloys, Steel, Titanium)
Sheet forming, machining, welding, riveting.
“Manufacturing wind turbine blades from metal is not typical due to performance, weight, fatigue resistance, and cost issues.” (Martulli, 2025)
Manufacturing steps: 
· Design/material selection: Steel/cast steel/Aluminium.  
· Fabrication of turbine blades: Rolled steel plates, welded segments with corrosion protection applied
· Assembly/testing of turbine: Test/fit before transportation
· Logistics/installation: Large turbine sections moved via crane/assembled in situ.
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(Figure 3) (WTB, 2023)                     (Figure 4) (WTB, 2023)
Equipment: 
· CNC machines, welders, cranes, plate rollers, surface treatment, transport (Lorries/rigs), ultrasound/x-ray tools. 
 Costs, scalability, time requirements and Challenges: 
· Large blades: Costs are high due to size, complexity, and quality standards involved.
· Manufacturing quality: Need to be perfect to ensure good quality/fatigue resistance
· Logistics: Adequate planning due to large parts
· Assembly: Alignment of components is critical 
· Cost: High due to energy usage/labour and materials. 
· Issues: Cracking, welding faults, corrosion, surface finishes.
[image: Transport of wind turbine blades]    [image: Protecting Wind Turbines from Corrosion]
(Figure 5) (Broshuis Holland, 2023)                 (Figure 6) (CorroSafe, 2024)

Environmental considerations:
Materials: Significant energy usage. Recycled metals can help lower environmental impact.
Processes: Machining, welding, and coating will consume energy and release harmful fumes. Waste management is essential.
Logistics: “Transporting large/heavy components typically relies on heavy duty vehicles, contributing to emissions. Loading/Route planning can help reduce the carbon footprint.” (Broshuis Holland, 2023)
End-of-Life: Recyclability and coatings should allow for disposal to limit environmental damage.

Safety considerations:
Workplace Hazards: Burns, fumes, and high noise levels. PPE and training are critical.
Quality Control: Defects in welding/corrosion protection can compromise structural integrity. 
Chemical Safety: Surface treatment require ventilation and handling procedures to prevent harm.
Installation & Assembly: Handling large parts/working at height necessitate fall protection and strict safety standards.
Ergonomics: Heavy lifting will require ergonomic planning.


Ceramics (SiC, Zirconia)
Powder processing, sintering, CMC fabrication, additive manufacturing.
Manufacturing turbine blades from ceramics is not typical due to brittleness and low tensile strength. “Ceramics are used in specific components that have high-wear, high-temperature, or electrically insulating parts.” (Callister, 2015)
Used in:
· Bearings.
· Electrical parts/insulators.
· Barrier coatings.
Manufacturing steps:
· Powder Prep: Mix of ceramic powders with binders.
· Forming: Pressing, injection molding, or tape casting.
· Drying & De-binding: Remove moisture and binders.
· Sintering: High-temp firing to densify.
· Machining & Finishing: Diamond tools for precision.
· Inspection: To detect cracks or voids.

Equipment: 
· Powder mixers, presses, kilns/furnaces, Diamond CNC grinders, Inspection tools. 
Challenges: 

· Brittle: Poor for structural parts.
· Hard to machine: diamond tooling needed.
· Size limitations: Cracking if used in large parts.
· High cost: Energy and time intensive process.
· Material/Manufacturing issues: Cracking, porosity, delamination.
Costs, Scalability and time requirements: 
Ceramics aren't used for full structures but are essential in “high-performance subcomponents like bearings, insulators, and coatings. Their production is complex and costly.” (Callister, 2015)
· Materials: Powders and binders are expensive.
· Energy: Sintering at >1000°C consumes significant energy.
· Machining: Post-sintering ceramics are hard and brittle, needing diamond tools to machine. 
· Equipment: High costs for kilns, CNC grinders, and precision inspection tools.
· Labour: Processes demand time and skilled technicians.
· High Scrap Rates: Cracking and delamination during forming/sintering.
· Scaling Limits: Difficult to produce large parts due to internal stresses.
· Inspection: Needed to detect internal flaws, increasing cost and lead time.
Environmental considerations:
Production of ceramics is energy intensive during sintering, resulting in a high carbon footprint. Extracting raw materials and processing ceramic powders can lead to environmental damage and waste, with low opportunities for recycling powders and re-machining. Ceramics long-term durability and resistance to corrosion can help offset environmental impact over time.
Safety considerations:
Fine ceramic powders pose inhalation hazards, the use of PPE and ventilation is essential. Sintering processes carry burn risks and require safety protocols. Machining brittle ceramics generates abrasive dust/debris, effective shielding and dust extraction systems needed.  Safe operation of equipment such as presses and grinders is critical to prevent injuries.

Polymer Composites: (GFRP, CFRP)
Used mainly for blades due to excellent strength-to-weight, tailored stiffness, lightness and fatigue resistance.
Types: Thermosets (SMC, VARTM, autoclave, hand lay-up) and Thermoplastics (AFP, in-situ polymerization, weld-bonding). (Strong, 2008)
Manufacturing steps: Wind Turbine
· Material Selection: Fiber and resin.
· Fiber Layup: Molds (manual hand or via robots).
· Resin Application: Use vacuum infusion or RTM.
· Curing: Heat to harden resin in molds.
· Trimming & Assembly: Trim edges, install inserts, lightning protection.
· Inspection: Check for defects (ultrasound, thermography).
[image: ]    [image: ]
(Figure 7) (Jiao, 2023)                                                    (Figure 8) (Jiao, 2023)
Equipment:
· Large molds, vacuum pumps, resin mixers, Heat blankets or ovens for curing, CNC routers, grinders for trimming, NDT tools.
Challenges:
· Size: Blades > 80m.
· Labor: Manual layup is a long process.
· Defect sensitivity: Voids, delamination, surface finishes. 
· High cost: Especially for carbon fiber.
· Curing: Energy intensive.
Costs, Scalability and time requirements: 
“Wind turbine blades are typically made from fiber-reinforced composites with thermoset or thermoplastic resins, offering high strength-to-weight ratios and excellent fatigue resistance.” (Lu, 2024)
Cost Drivers:
· Materials: “Carbon fiber is more costly than glass fiber. Resins like epoxy and thermoplastics also raise costs.” (Callister., 2020)
· Labour: Layup is labour-intensive. Blades over 80m require significant time/energy.
· Equipment: Molds, vacuum systems, and heat controls demand high upfront and operating costs. CNC machines for additional work.
· Quality Control: Delamination inspections and can lead to high scrap/rework rates.
· Logistics: Manufacturing, storage, and transport increasing expenses.

Environmental and safety considerations: 
Environmental:
Carbon and glass fibers have a high embodied energy, thermoset resins are non-recyclable, leading to waste generation. The curing process demands energy due to high temperatures and cycle times. Resins release VOCs and styrene which contaminate the air. Adequate ventilation is essential. Composite waste and defective parts are difficult to recycle, creating challenges for disposal.
Safety:
Employee risks of respiratory and skin irritation from resins and dust, use of PPE and proper ventilation is needed. Manual lay-up is physically demanding will lead to musculoskeletal injuries. Automated processes will minimise these risks. High temperature curing and machining equipment rises such as burns and injury hazards if not handled correctly. Defects/failures will need rigorous inspection and is essential to ensure safety.
3. Composite Manufacturing Justification:
Chosen manufacturing method: 
Use of carbon fiber to make a wind turbine blade because it offers several key advantages over other materials like metals/ceramics:
“Use carbon fiber when you're aiming for high-performance, long-lasting, and efficient wind turbine blades—especially for large-scale or offshore turbines where performance gains outweigh material costs.” (Mohanty, 2024)
Superior Strength-to-Weight Ratio:
· Offers greater strength and stiffness compared to other materials and is lightweight. 
· Enables production of longer blades capable of capturing more wind energy without increasing weight.
Enhanced Efficiency:
· Longer lightweight blades rotate effortlessly at lower wind speeds, resulting in increased energy generation.
Reduced Fatigue and Vibration
· Stiffness minimizes blade bending and vibrations, which leads to: Quieter operation, extended blade lifespan and improved performance under high-stress conditions.
Greater Design Flexibility
· Design of more aerodynamic blades, improved energy capture and reduced drag.
Considerations:
· Higher cost compared to other materials/ways of manufacturing. 
· Complex manufacturing processes.
Impact of Using Carbon Fiber in Wind Turbine Blades:
· Increased Efficiency: Longer, lighter blades that capture more wind energy, especially at low wind speeds.
· Environmental Advantages: Less waste and a smaller carbon footprint throughout lifecycle.
· Innovation: Promotes manufacturing methods and engineering techniques.
· Economic Benefits: Initial costs are higher, balanced by improved performance, durability, and energy production over time.
Task 3: Cost Evaluation: 
1. Material costs
[image: A close-up of a description
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Carbon fiber is 10x the cost of aluminium but enables stronger, lighter, and more efficient blades.
2. Manufacturing costs: 
Labour Costs
Composite manufacturing employee: Wage approximately £20 per hour, 
Blade Technicians: Specialised in blade repair, £100 per day.
“Annual Labour Costs per Facility: Manufacturing facilities in regions like the Scottish Central Belt incur approximately £1.92 million annually in labour expenses.” (Monthly, 2024)
Equipment Costs
ADD HERE
Defect Mitigation Costs:
· Defect Detection and Repairs: Utilising thermal imaging for early detection can prevent catastrophic failures. Minor repairs, such as sealing cracks or re-bonding layers, typically cost between £5,000 and £15,000. 
· Major Repairs and Blade Replacement: Severe damage may necessitate extensive repairs or complete blade replacement. Replacement costs can range from €100,000 to €300,000 per blade, depending on size and complexity. Wind Power Monthly
· Operational Downtime: Each day a turbine is non-operational due to blade damage can result in income losses between £800 and £1,600, depending on wind conditions and turbine capacity. MDPI


Summary Table: 
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Task 4: Comparative analysis
1. Mechanical properties 
Material Property Comparison
[image: A table with different types of material
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Summary of table:
Metals: Steel and aluminium have great tensile strength/stiffness, higher density makes them not ideal for large scale wind turbine blades, where weight reduction is crucial.
Composites: Carbon fiber composites are used in wind turbine blades due to high strength to weight, fatigue resistance and low density. Carbon fiber provides superior performance but at higher costs.
Ceramics: Ceramics can be good materials for turbine blades, especially in high-temperature applications. With good stiffness, tensile strength, and fatigue resistance and low density. Their high manufacturing costs and current developmental status pose challenges for widespread adoption.
2. Material selection (Weighted decision matrix)
Step 2: Score Each Material (1–10 scale)
[image: A screenshot of a spreadsheet
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Weighted Scores:
[image: A table with numbers and symbols
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Composites: Strong tensile strength, fatigue resistance, and low density, despite moderate recyclability and cost. (Top score) 
Metals: Great recyclability and cost benefits but are heavier and less fatigue resistant. (Medium score)
Ceramics: Balanced strength and fatigue but face challenges with cost and manufacturing complexity. (Lowest score)
3. Stress Analysis
Identifies critical stress points and ensures the blade withstands aerodynamic, gravitational, and centrifugal forces. Optimizes shape and structure to lower weight while keeping strength. Guides material selection by matching tensile strength, stiffness, and fatigue resistance. Predicts potential failure modes to ensure safety, reliability, and compliance. Influences manufacturing techniques throughout process. 
Overall, stress analysis is key to designing efficient, durable, and cost-effective wind turbine blades. (Alam, 2025)
4. Environmental and sustainability considerations
Positive: Improved turbine efficiency and energy capture (Larger blades). More renewable energy is generated per blade, reducing fossil fuels and lowering greenhouse gas emissions.Lighter blades reduce transportation and installation energy costs.
Negative: Production of carbon fiber is energy intensive and involves carbon emissions compared to metals/ceramics. Relies on non-renewable precursors and includes hazardous waste when manufacturing. Carbon fiber is difficult to recycle, leading to challenges in disposal and potential accumulation of waste in landfills.
Carbon fiber enhances turbine performance and supports cleaner energy generation, its manufacturing and disposal pose environmental challenges that require improvements in recycling and better production methods.



Recyclability of carbon fibre:
Carbon blades have recyclability challenges because thermoset resin can’t be melted or reshaped. “Current recycling methods like pyrolysis degrade fiber quality, limiting reuse, so many blades end up in landfills or are incinerated” (Liu, Barlow, & Crawford, 2017). “Unlike metals, carbon fiber lacks efficient, cost-effective recycling streams. Efforts are underway to develop recyclable resins, improved chemical recycling, and modular designs to enhance sustainability” (Job, 2020). Until then, poor recyclability remains a major environmental drawback despite carbon fiber’s performance benefits.
Improving failure mechanisms of carbon fiber:
To improve carbon fiber wind turbine blades failure, use tough binders to reduce cracking, optimize orientation to distribute stress. Protective coatings guard against environmental wear. Reinforcing with core materials increases stiffness and impact resistance, enhancing fatigue life and overall durability.

5. Manufacturing defects and mitigation
Common defects in carbon fiber wind turbine blades include:
· Voids: pockets within the resin that weaken the structure and reduce mechanical performance.
· Warping: Distortions during curing causing shape deviations, which affect aerodynamic efficiency and structural integrity.
· Delamination: Separation between fiber layers leading to reduced strength and fatigue resistance.
· Fiber Misalignment: Incorrect fiber orientation that compromises load-bearing capacity.
· Resin Rich or Resin Starved Areas: Uneven resin distribution causing weak spots or brittleness.
· Cracks and Surface Defects: Micro-cracks or surface imperfections from manufacturing or handling that can propagate under stress.
These defects can lead to premature failure if not detected and managed properly.
Solutions for defect reduction:
To reduce defects in carbon fiber wind turbine blades, use precise automated manufacturing and vacuum-assisted resin infusion to minimize voids and ensure fiber alignment. Employ non-destructive testing for early defect detection, optimize mold design to prevent warping, and maintain controlled environmental conditions during curing. Using high-quality materials and proper post-curing processes also improves overall blade quality and durability.

6. Circular design Discussion
Circular wind turbine blade design focuses on creating blades that can be easily reused, repaired, or recycled at the end of their life, enhancing sustainability by minimizing waste and resource consumption. This approach encourages the use of recyclable or bio-based materials and modular designs that simplify disassembly. By enabling material recovery and reducing landfill disposal, circular design lowers environmental impact and supports a closed-loop lifecycle. It also promotes longer blade lifespans through repairability, reducing the need for new raw materials. Overall, circular design aligns wind energy production with circular economy principles, improving ecological footprint and resource efficiency.

Design modifications can extend wind turbine blade lifespan and improve recyclability by focusing on material choice, structural features, and ease of disassembly. Using tougher, damage-tolerant materials and optimized fiber orientations reduces fatigue and crack growth, enhancing durability. Incorporating modular components or standardized joints allows damaged sections to be replaced instead of discarding the entire blade. Designing with recyclable or bio-based resins facilitates material recovery at end-of-life. Simplifying the bonding process and minimizing mixed-material layers make disassembly and recycling easier. Protective coatings also help by reducing environmental degradation, further extending service life. Together, these design changes boost blade longevity and support sustainable recycling practices.
Improving the sustainability of wind turbine blades involves several strategies focused on materials, design, manufacturing, and end-of-life management. First, using more recyclable or bio-based materials—such as thermoplastic resins instead of traditional thermosets—can facilitate easier recycling and reduce reliance on fossil-based inputs. Incorporating hybrid composites that blend carbon fiber with more recyclable fibers like glass or natural fibers can balance performance and environmental impact.
Design-wise, adopting modular and repairable blade architectures allows for damaged sections to be replaced rather than scrapping entire blades, extending overall lifespan and reducing waste. Optimizing blade geometry and structural layout to minimize material use without compromising strength also cuts resource consumption.
On the manufacturing side, improving energy efficiency through advanced automated processes, better curing techniques, and waste minimization reduces environmental footprint. Implementing rigorous quality control reduces defects and extends service life.
Finally, developing and investing in end-of-life recycling technologies and establishing circular supply chains enable effective recovery of valuable materials, closing the loop. Combining these approaches promotes a more sustainable lifecycle for wind turbine blades, supporting cleaner energy with less environmental impact.



























Computational and technical work:
3. Excel calculations for blade thickness: 

4. Solidworks 3D Modelling: 
Detailed 3D model: 
[image: ]
Different views: 
Front:
[image: ]
Side: 
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Top: 
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Isometric/2D:
[image: ]
Showing dimensions on drawing. 
Dia 220mm root, Blade tapering from 400mm (Max Thickness) to 200mm at tip (Minimum thickness). Total length 5000mm. 
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NACA 4412 Airfoil

4 digit code used to describe airfoil shapes

1Ist digit - maximum camber in percent chord

2nd digit - location of maximum camber along chord line (from leading edge) in tenths of
chord

3rd and 4th digits - maximum thickness in percent chord
NACA 4412 with a chord of 6”
= Max camber: 0.24” (4% x 6”)
= Location of max camber: 2.4” aft of leading edge (0.4 x 6)
= Max thickness: 0.72” (12% x 6”)

Max thickness

l Max camber Mean camber line

Chord line

x=0 x=c
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Feature Optimal Characteristic
Length 40-100+ meters (site- and power-

dependent)

[Airfoll High lft-to-drag ratio, variable by span
Tip design Thin, twisted, tapered for max efficiency
Twist Increases from root o tip (~10-20° total)
Taper Reduces weight and centrifugal forces
‘Aspect Ratio High (10-20)

Blade count 3 blades





