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Abstract 

 

At present time the conventional sources of energy like oil, gas, coal etc. are mostly used to produce the energy. But their 

resources are very few and which are near to end so these fuels are getting very costly day by day. So now a day it is necessary to 

think about the use of non conventional energy sources like wind, solar, tidal, geothermal etc. Wind turbine is used for wind 

energy. Wind turbines are used to produce electricity from kinetic energy of the wind by rotating moment of the blades by using 

generator and coil mechanism. The angle and material of blade if most important factor to produce wind energy. The material 

composition gives the strength and service life to the wind turbine blade. Many different materials are used to make this blade 

like Fiber Reinforced polymer, Carbon nano tubes, Glass fiber, Epoxy etc. These are used as per the size and shape of the blade. 

But all different materials have different properties and different service life. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Wind turbines are used to produce electricity from kinetic energy of the wind by rotating moment of the blades by using 

generator and coil mechanism. Wind turbines are subjected to very specific loads and stresses. Due to the nature of wind, loads 

are highly variable. Varying loads are more difficult to handle than static loads because the material becomes fatigued. Moreover 

as a working medium the air is of low density so that the surface required for capturing energy must be large. When designing a 

wind turbine, the aim is to attain the highest possible power output under particular  atmospheric conditions and this depends on 

the shape of the blade. The change of the shape of blade is one of the methods to modify stiffness and stability, but it may 

influence aerodynamic efficiency of wind turbine. Other method to change dynamic and mechanical  properties of wind turbine 

is modifying the composite material, which the blade is made of. Wind turbines interact with the wind, capturing part of its 

kinetic energy and converting it into usable energy. Atmospheric turbulence causes important fluctuating aerodynamic forces on 

wind turbines. Turbulence is an important source of aerodynamic forces on wind turbine rotors. Turbulence is an irregular 

motion of fluid that appears when fluids flow past soil surfaces or when streams of fluid flow past or over each other. Many of 

the rotors found on current available HAWT systems are designed using a combination of 2-D airfoil tools, 3-D blade element 

and momentum (BEM) theory, in which the unsteady flow effects are either ignored, or modeled using a synthesis of 2-D data 

Modal analysis is a process of determining the modal parameters for a construction and it is the common used method to 

characterize the dynamic properties of a mechanical system. It can be accomplished through experimental techniques and 

produces interpretable results. 

 Structure - Forces I-beam/blade 

(1) Point loads out of aerodynamic design 

 Drag loads 

 Lifting loads 

(2) Shear force Sum of all point loads 

(3) Bending moment 

(4) Bending deflection 

(5) MSW/Girder bonding is crucial 

 Structure - Forces MSW 

(1) Primarily loads 

 Shear (45° angle direction => bi aixs) 

 Compression 

(2) Secondarily loads  
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 Internal stresses 

 Elongation (stretching one girder / compressing opposite girder) 

 Main Materials use in blade 

 Fibers, Matrix, Core, Adhesive, Fiber Reinforced Polymer, Composition of different Polymers, Carbon Nano tubes. 

 Surface Coating Structural materials 

II. LITERATURE REVIEW 

Henrik Broen Pedersen, Ole Jesper Dahl Kristensen
 [1] 

, In this technical paper “Applied Modal Analysis of Wind Turbine 

Blades” It is concluded that modal analysis has been used to determine the natural frequencies, damping and the mode shapes for 

wind turbine blades. 

 
Fig. 1 Blade reference co-ordinate system. 

Different methods to measure the position and adjust the direction of the measuring points are discussed. Different equipment 

for mounting the accelerometers are investigated and the most suitable are chosen. Different excitation techniques are tried 

during experimental campaigns. After a discussion the pendulum hammer were chosen, and a new improved hammer was 

manufactured. Some measurement errors are investigated. The ability to repeat the measured results is investigated by repeated 

measurement on the same wind turbine blade. Furthermore the flexibility of the test set-up is investigated, by use of 

accelerometers mounted on the flexible adapter plate during the measurement campaign. If the natural frequency of the fixture is 

unknown and a thin (flexible) adapter plate is used to mount a heavy blade, precautions must be taken to ensure that the natural 

frequency of the blade does not interfere with the natural frequency of the system of fixture. 

 

R.S. Amano, R.J. Malloy
[2]

 “CFD Analysis on Aerodynamic Design Optimization of Wind Turbine Rotor Blades” It is 

concluded that Wind energy has been shown to be one of the most viable sources of renewable energy.  

With current technology, the low cost of wind energy is competitive with more conventional sources of energy such as coal. 

Most blades available for commercial grade wind turbines incorporate a straight span-wise profile and airfoil shaped cross 

sections. These blades are found to be very efficient at lower wind speeds in comparison to the potential energy that can be 

extracted. However as the oncoming wind speed increases the efficiency of the blades decreases as they approach a stall point. 

This paper explores the possibility of increasing the efficiency of the blades at higher wind speeds while maintaining efficiency 

at the lower wind speeds. The design intends to maintain efficiency at lower wind speeds by selecting the appropriate orientation 

and size of the airfoil cross sections based on a low oncoming wind speed and given constant rotation rate. The blades will be 

made more efficient at higher wind speeds by implementing a swept blade profile. Performance was investigated using the 

computational fluid dynamic (CFD). 
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Fig. 2  CFD Predicted Performance of the Straight Edge and Swept edge Wind Turbine Blades 

The following conclusions emerge from this study.  

(1) The simulation of the NTK500/41 satisfactorily validated the results of this investigation. 

(2) It was observed that the swept edge geometry maintains maximum efficiency at lower oncoming  wind speeds and 

delays the stall point  resulting in an  increase  in power at higher oncoming wind speeds.   

(3) The gain in the power is as high as 20 percent at higher speeds than 10m/s. 

 James Locke and Ulyses Valencia
[3]

, “Design  Studies  For Twist-coupled   Wind Turbine” It is concluded that This 

study presents results obtained for four hybrid designs of the Northern Power Systems (NPS) 9.2-meter prototype 

version of the ERS-100 wind turbine rotor blade.  

The twist-coupled designs produced a maximum twist of 1.2º for the 15-degree carbon design and 1.4º for the 20-

degree carbon design. These results substantiate earlier studies on bend-twist coupled designs that indicated a good level 

of coupling for a fiber angle of 20º. Obviously the best design is one that provides enough coupling for fatigue loads 

alleviation and at the same time does not result in a substantial cost or weight increase or lowered aerodynamic 

performance.  Further detailed studies are required to determine whether the current designs provide enough coupling.  

For both carbon designs the level of coupling was found to be maximum near the 50% span region. As previously 

mentioned, the present results are based on designs with off-axis carbon fibers only in the spar caps. The spar starts 

between blade stations 1 and 2. This means that the region of the blade with the maximum bending moment is not 

twisting. However, the blade is so stiff near the root that any twisting, regardless of coupling, is unlikely. 

 Nitin Tenguria  , Mittal.N.D 
[4]

 “Design and Finite Element Analysis of Horizontal Axis Wind Turbine blade” It is 

concluded that The wind turbine blade is a very important part of the rotor.  

In this work a horizontal axis wind turbine blade is designed with the help of Glauert's optimal rotor theory, a 

computer program is developed for getting the chord, thickness and twist distribution while maintaining the lift 

coefficient constant throughout the blade. The blade is divided into 19 sections and each section has the same length. 

Blade is modeled with APDL language in ANSYS with airfoil NACA 634–221. Material taken for the blade is E-Glass 

epoxy.  

The analysis of the blade is performed in ANSYS. This work is compared with the experimental work in which the 

behavior of blade is not symmetric. As we can see from graph above the behavior of blade in this work is symmetric. 

The lengths of the segments taken in this are different from the experimental work but there is very minute difference in 

the deflections of cap and web for the same loading condition . 

 Victor V. Cheboxarov, Valery V. Cheboxarov and Alexander T. Bekker 
[5]

 “Numerical Analysis of Large-scale 

Offshore Vertical-axis Wind Turbine” It is concluded that  The new design of the Wind Energy Marine Unit (WEMU), 

a wind power plant with a large-scale, vertical-axis, water supported rotor with rotary blades, is analyzed.  

The aerodynamic coefficients of the chosen blade airfoil are derived by a 3-D Navier-Stokes numerical simulation. The 

angles of the blades’ rotation are calculated preliminarily and corrected after the simulation of flow through the turbine. 

Velocity maps and plots of blade torque are given. It is shown that the power coefficient comes close to the Betz limit. 

The WEMU’s rated power capacity can be over 10 MW . 

 Dong-Hyun Kim and Yoo-Han Kim 
[6]

 “Performance Prediction of a 5MW Wind Turbine Blade Considering Aero 

elastic Effect” It is concluded that aero elastic response and performance analyses have been conducted for a 5MW-

Class composite wind turbine blade model. 
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(a)              (b)               (c)              (d) 

Fig. 3 Natural vibration mode shapes and frequencies 

Advanced coupled numerical method based on computational fluid dynamics (CFD) and computational flexible multi-body 

dynamics (CFMBD) has been developed in order to investigate aero elastic responses and performance characteristics of the 

rotating composite blade. Reynolds-Averaged Navier-Stokes (RANS) equations with k-ω SST turbulence model were solved for 

unsteady flow problems on the rotating turbine blade model. Also, structural analyses considering rotating effect have been 

conducted using the general nonlinear finite element method. A fully implicit time marching scheme based on the New mark 

direct integration method is applied to solve the coupled aero elastic governing equations of the 3D turbine blade for fluid-

structure interaction (FSI) problems. Detailed dynamic responses and instantaneous velocity contour on the blade surfaces which 

considering flow-separation effects were presented to show the multi-physical phenomenon of the huge rotating wind- turbine 

blade model. 

 
Fig. 4 Comparison of Aerodynamic Power between the rigid and the Aero elastic blade models 

In this study, generated power predictions for aero elastic blade have been successfully conducted considering flow separation 

effect. Advanced computational analysis system based on coupled computational fluid dynamics (CFD) and computational 

flexible multi-body dynamics (CFMBD) technique has been developed and applied to numerical simulations. Detailed aero 

elastic responses are computed in the time-domain in order to investigate the aero elastic characteristics of the 3D wind-turbine 

blade model. It is importantly shown that the estimated power of the blades can be significantly different due to the effect of aero 

elastic deformation. Also, developed general CFD-CFMBD coupled fluid-structure interaction analysis program (FSIPRO3D) 

show the strong application potential for accurate aeroelastic analysis of the huge wind-turbine blade system. 

 S. Rajakumar, Dr. D. Ravindran 
[7]

, “CFD of Wind Turbine blade At Various Angle of Attack And  Low Reynolds 

Number”  It is concluded that Lift and Drag forces along with the angle of attack are the important parameters in a wind 

turbine system. 

In this paper an attempt is made to study the Lift and Drag forces in a wind turbine blade at various sections and the effect of 

angle of attack on these forces. In this paper NACA 4420 airfoil profile is considered for analysis of wind turbine blade. The 

wind turbine blade is modeled and several sections are created from root to tip. The Lift and Drag forces are calculated at 

     Mode (a) - Flapwise bending  

     Mode (b) - Edgewise bending 

     Mode (c) - 2nd flapwise bending 

     Mode (d) - 2nd edgewise bending 
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different sections for angle of attack from 0 to 12 for low Reynolds number. The analysis showed that angle of attack of 5o has 

high Lift/Drag ratio. The CFD analysis is also carried out at various sections of blade at angle of attack of 5. The pressure and 

velocity distributions are also plotted. The airfoil NACA 4420 is analyzed based on computational fluid dynamics to identify its 

suitability for its application on wind turbine blades and good agreement is made between results. 

    
Fig. 5  Increase in lift for various Angle of attack        Fig. 6 Increase in drag for various Angle of attack 

In this paper a Horizontal axis wind turbine blade with NACA 4420 is designed and analyzed for different angle of attack and 

at various sections. The blade with constant angle of attack throughout the length is analyzed to find the maximum L/D ratio. 

This is done at angle of attack ranging from 0° to 12° for the velocity varies from 3 -12 m/sec. The maximum L/D ratio is 

achieved at 5° of angle of attack, for the average velocity of 8 m/sec. It is found that blade with 5° angle of attack has the 

maximum L/D ratio. The coefficient of Lift and drag is calculated for this NACA 4420 series for the angle of attack 0° to 20°. 

The coefficient of Lift increases with increase in Angle of attack up to 14o. After 14o, the coefficient of lift decreases and stall 

occurs at this angle of attack . 

 Bernd Nowack, Raymond M. David et al 
[8]

 “Potential release scenarios for carbon nano tubes used in composites” It 

is concluded that  the expected release of CNTs from products and articles is unlikely except for in manufacturing and 

subsequent processing, tires, textiles and in recycling operations. However except for high energy machining processes, 

most likely the resulting exposure for these scenarios will be low and to a non-pristine form of CNTs. Actual release 

and exposure studies should be conducted to provide evidence for this conclusion. In this context the development of 

exposure scenarios can be a powerful tool for understanding the conditions under which exposure occurs. 

 Faguaga, C.J. Pérez et al 
[9]

,“ Effect of water absorption on the dynamic mechanical properties of composites used for 

windmill blades” It is concluded that the effect of water absorption on the dynamic-mechanical properties of glass 

fiber/unsaturated polyester composites (with and without nanofiller) used for windmill blades was studied. DMA 

analysis showed a decreasing trend on the storage modulus and the increase of energy dissipation with extended 

immersion time, indicating that both. The matrix and the interface, have been deteriorated by the effect of water. On the 

other hand, after immersion, the glass transition temperature increased for matrices, which was related with the 

extraction of soluble products. 

 Rashedi , I. Sridhar et al 
[10]

,“ Multi-objective material selection for wind turbine blade and tower : Ashby’s approach” 

It is concluded that Today engineering designs are increasingly driven by product functionality, usability, mass, cost and 

environmental sensitivity. 

we explored wind turbine blade and tower material selection strategies based on multiple constraints and conflicting 

objectives. Final onshore wind turbine blade material stands as PEEK/IM carbon and epoxy/HS carbon fiber composite 

for Vestas 3.0MWblade, PEEK/IM carbon composite exhibits 74% mass, 17% carbon footprint, 30% embodied energy 

reduction while epoxy/HS carbon ensures 70% mass, 34% carbon footprint, 23% embodied energy with concurrent 37% 

cost reduction. Hybrid natural materials like oak (quercus spp.), lignumvitae (l) also enter into small scale onshore blade 

design space for gentle windy regions. In turn, acknowledging the moisture absorption permeability and future massive 

scale structural requirements, neither PEEK/IM carbon nor hybrid natural materials deem suitable for offshore blade 

applications, thus leading to an epoxy/HS carbon blade with the eminent potentiality. The same material also performs 

best for onshore and offshore tower application. 

 J. Zangenberg, P. Brøndsted et al 
[11]

,“ Design of a fibrous composite preform for wind turbine rotor blades” It is 

concluded that The design involves many different iterative steps that are joint together in a non-coherent manner. The 

pre-design of a fabric can be made based on experience and knowledge e.g. regarding failure modes, manufacturing 

technology, and processing. However, in order to manufacture, test, certify, and implement a new fabric, many different 

stakeholders need to be involved. The stakeholders all have different approaches and interests in making the ultimate 

preform, but it is a balance between numerous factors. 

 Xiao Chen, Wei Zhao et al 
[12]

,“ Preliminary failure investigation of a 52.3 m glass/epoxy composite wind turbine 

blade” It is concluded that The blade exhibited multiple failure modes of laminate fracture, delamination, sandwich 

skin-core debonding, sandwich core failure, and shear web fracture at the transition region. Among various failure 

modes, delamination of unidirectional laminates in the spar cap was identified as the plausible root cause of the 

catastrophic failure of the blade. The through-thickness stresses were found to be significantly affect the failure 
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behaviour of this large composite blade. The current design practices are not applicable to the strength analysis of the 

large blades. It is recommended that the thick laminate theory and three-dimensional solid elements in finite element 

models should be used. 

III. CONCLUSION 

From above observation it is seen that there are many different materials are used to manufacture the wind turbine blades. some 

of those materials are Fiber Reinforced polymer, Carbon nano tubes, E-Glass epoxy, Fibrous composite pre form, epoxy 

composites, HS carbon. But all the materials have some advantages and disadvantages as well some of these are as follows. The 

design used by fibrous composite pre form  involves many different iterative steps that are joint together in a non-coherent 

manner. The pre-design of a fabric can be made based on experience and knowledge. Turbine blade using Kevlar 149 material 

the blade parameters are optimized to minimize the cost of energy of wind turbine rotor. Carbon Nano Tube is very difficult for 

manufacturing of wind turbine blade due to its large design. epoxy/HS carbon composite provides even more weight savings 

(almost 78%) with simultaneous 26% carbon and energy content reduction but at 67% higher cost. hydrophilicity of the Glass 

fibre/unsaturated polyester composites (with and without nano filler) clay produces a weak Inter phase with the polymeric matrix 

which produces the water absorption in blade material. So all materials used to make blade having some advantages and some 

limitations as well. 
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