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Abstract— The present work discusses the adverse structural 

response of the blade profile with the variation of operational 

parameters such as material properties on blades. The 

theoretical designed wind turbine blade model was based on 

the developed using CATIA software. The model was 

analyzed using ANSYS software to predict the deflection of 

the blade. A blade is made of a composite material with a 

combination of synthetic fiber and natural fiber with 

aluminum powder. 
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I. INTRODUCTION 

Rapid development in material technology has given 

influential impact on some variation structure of the wind 

turbine. The variation mainly depends on positive reaction for 

lowering the prices of wind turbine construction and 

operational cost. 

 The blade, as part of the prime mechanical wind 

turbine rotor, is a key element within the wind turbine system 

and as such research aimed at improving blade performance 

is of great importance. It is definitely an influential 

component for system efficiency. In the evolution era, 

dimensions and number of component vary on the basis of 

turbine strength. Its development in the past varied from 

canvas to wood and sheet metal. But, in recent modern era, 

composite has been implemented by all turbine 

manufacturers. 

 The concept of image in painting was first 

introduced by Wind turbine blades are required to preserve 

optimum cross section for aerodynamic efficiency by 

optimizing the lift to generate the maximum torque to drive 

the generators. Show aerodynamic mechanism of the wind 

blade when there is wind flow. However, several factors such 

as static and dynamic loading, fatigue resistance, rigidity, 

weight, sound emission and appearance have adverse impact 

on a wind turbine. 

II. COMPOSITE MATERIALS 

Composite  material  is a  macroscopic  combination  of  two 

or  more  distinct materials,  having  a  recognizable  interface 

between  them.  Composites are used not only for their 

structural properties, but also for electrical, thermal, and 

environmental applications. Modern  composite  materials are 

usually  optimized  to  achieve  a  particular balance  of 

properties  for  a  given range of applications.  Given  the  vast 

range  of  materials  that  may  be considered  as composites 

and  the  broad  range  of  uses  for  which  composite materials 

may  be  designed,  it  is  difficult  to  agree  upon  a single, 

simple, and useful definition. However, as a common 

practical definition, composite materials may be restricted to 

emphasize those materials that contain  a continuous  matrix 

constituent  that  binds  together  and  provides  form  to  an 

array  of  a  stronger,  stiffer  reinforcement  constituent. 

 
Fig. 1: Classification of Composite Materials 

III. LITERATURE SURVEY 

Griffin et al [6] studied the alternative composite materials 

for megawatt-scale wind turbine blades. In recent years both 

the size of wind turbine blades and the volume of commercial 

production has been steadily increasing. Rotors of up to 80 m 

diameter are in current production, and several turbine 

developers have prototypes in the 100 to 120 m diameter 

range. It is estimated that over 50 million kilograms of 

finished fiber glass laminate were used for the production of 

wind turbine blades and that worldwide production volume 

will increase for the next several years. 

 Balakumaran Natarajan et al [7] investigated 

Structural Analysis of Composite Wind Turbine Blade using 

Advanced Beam Model Approach. In this paper, a structural 

analysis of a composite rotor blade for a small wind turbine 

was attempted by adopting an advanced beam model. To 

fulfill the general light-weight requirement, various 

composite materials were used. The present beam modeling 

approach included two-dimensional cross-sectional analyses 

and a geometrically exact one-dimensional beam analysis. 

 Mohammad-AminAsareh et al [10] analyzed 

Fragility analysis of a 5-MW NREL wind turbine considering 

aero-elastic and seismic interaction using 

methodWiththeimprovementsandadvancesmadeinthefieldofr

enewableenergy, this alternative method has become 

competitive with more traditional sources of energy 

generation techniques, including hydro Power or fossil fuels. 
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 MariaMartinez-Luengo et al [11] studied Structural 

health monitoring of offshore wind turbines. In this paper, a 

review of Structural. Health monitoring systems (SHMS) for 

offshore wind turbines (OWT) has been carried out 

considering the topic statistical Pattern Recognition problem. 

Therefore, each one of the stages of this paradigm has been 

reviewed focusing on OWT application. 

IV. FINITE ELEMENT METHOD 

The finite element method (FEM) is very useful and has 

mostly been used in the development of wind turbine blades. 

The FE simulation usually predicts the global stresses with 

high quality accuracy. Local deformations and stresses are 

often difficult to predict. And hence only a little detailing has 

been included in this work. Because the highly localized 

deformations and stresses can be nonlinear, while the global 

response appears linear for relatively small deflections.[4] 

Another reason is that the global behavior can be represented 

by a relatively simple model, while a computationally 

expensive 3D solid model may be necessary to predict this 

localized behavior.[5] A 3D solid model even it is highly 

detailed it would rarely be possible to predict deformations or 

stresses accurately without calibration of the FE model. 

V. MATERIAL PROPERTIES 

The TABLE I below shows the material properties of blade 

which are used during the analysis. Composite materials are 

used in the analysis of the wind turbine blade and by changing 

their properties the analysis is done. The prime aim was to 

compare the final results such as different Stress Distribution 

values and the deformation that may happen to the turbine 

blade when it is subjected to the wind forces. 

 
Table 1: 

VI. MODELLING OF THE BLADE 

CATIA is the Modeling software specially used in the 

Aerospace applications. The major advantage of this software 

used in creation of aero foil section in the model Copies the 

sketch in the different planes is possible this method to copy 

the aero foil sketch in the different plane and create the blade 

model is very quickly create the model; multi section solid 

command to create the twisted element will be created 

 
Fig. 2: The Coordinate Points for NACA 4412 

 The Aero foil Design is transformed into a CATIA 

model in CATIA V5. The points were plotted in the software 

and joined the points using spine. Then using multisession 

tool the spine is developed into a wind turbine blade. The final 

3D model is developed and the CATIA part file is created. 

VII. FINITE ELEMENT ANALYSIS OF WIND BLADE 

The wind blade was modeled in CATIA V5 software and 

imported to ANSYS Workbench software in the format of 

.step, static structural model was taken for this analysis 

method material properties are given in the engineering data 

portion and meshing was generated by ANSYS workbench 

mesh itself and give the boundary conditions of wind pressure 

is given for this analysis and get the results with various 

materials 

 
Fig. 3: 3D Model of Wind Blade 

 
Fig. 4: Mesh Image of Wind Blade 

 
Fig. 5: Boundary Condition of Wind Blade 
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Fig. 6: Deformation Result of Wind Blade 

 
Fig. 7: Strain Result of Wind Blade 

 
Fig. 8: Stress Result of Wind Blade 

 
Fig. 9: Deformation Result with Various Materials 

 
Fig. 10: Strain Result with Various Material 

 
Fig. 11: Stress Result with Various Material 

VIII. CONCLUSION 

From the ANSYS structural analysis the result of stress, strain 

and deformation of the composite material of e-glass fiber 

40%, banana fiber40%, 20% aluminum powder has low stress 

value the same combination is choose for the wind turbine 

blade material the material cost also less and then the blade 

ductility can be increased by using the aluminum powder 
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