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Abstract - This paper presents to evaluate the structural performance of wind turbine blade with different parameter 
included in the design to reduce weight. The work considers composite design optimizing of Horizontal Axis wind turbine 
with respect to minimizing the weight as much as possible with same stiffness/strength. The composite design optimization 
were attempted on sub-components of the blade such as top pressure shell, Bottom pressure shell, shear web, spar caps and 
orientation of layup sequence as per initial design. The number of layers and the location of layers in the sub components are 
considered as design variables. Structural linear static analysis is performed on the existing model of the blade. The 
optimization results are described and compared with the original design. It shows that the method used in this study is 
efficient and produces improved designs. 
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I. INTRODUCTION 
 
Wind turbine configuration is the process of 
describing the form and particulars of a wind turbine 
to extract energy from the wind. wind turbine blade 
configuration involves both aerodynamic and 
structural priorities. The structural considerations are 
dominate the design of approximately one third of the 
blade length from the root, while aerodynamics has 
higher priority in the design of its residual part. Close 
to the root, the carried bending moments are higher 
and the structure is configured to withstand the loads. 
Further from the root, bending moments are relatively 
small and the blade design is essentially represented 
by aerodynamic considerations. In addition to 
aerodynamic design of the blades, design of a 
complete wind power system must also address 
design of the hub, controls, generator, supporting 
structure and foundation. 
 
1.1.Wind turbine blade 
Blade is one of the most significant component of 
wind turbines. It is required to have the best 
materials, manufacturing, analysis and testing to 
endure aerodynamic loads, gravitational loads, inertia 
loads and operational loads throughout its operating 
life. Therefore, the structural design process has a 
decisive influence on the overall performance of the 
blade. The structural design of a HAWT blade 
involves many considerations such as strength, 
stability, cost and vibration. Reducing the mass is a 
good measure for a successful design of blade. A 
lighter blade will not only exert lower loads on the 
remaining components of the wind turbine, but also 
reduce the cost, which are beneficial for the entire 
turbine system, including the foundation. However,  

 
the recent approach results in material layup with 
high component thicknesses and blade mass often do 
not result in a satisfactory structural response. There 
is a large potential for reducing the amount of 
material in the blade, and thus its mass. Hence, the 
process of structural optimization to reduce the blade 
mass is an important issue worthy of research. 
 
II. METHODOLOGY 
 
2.1.Three Dimensional Modeling of the Blade  
The values of coordinates of top and bottom surfaces 
of airfoil as stored in excel format are called in 
commercial solid model software CATIA. The macro 
after pasting the coordinates prompts an option either 
to generate only points, or points & spline, or loft the 
splines. The inserted spline in the CATIA part file is 
either scaled to the required size or rotated to give the 
19 amount of twist to the wind turbine blade. After 
getting the two splines, the surface modelling feature 
is activated and a loft surface is formed by multi 
section solids option from CATIA toolbox. After 
getting the loft surfaces, upper and lower surfaces are 
joined so that we get a solid model ready for analysis 
as shown in Fig. The solid model obtained is saved in 
either .parasolid or .igs format and is exported to 
Hypermesh.  
 
After completion of 3D model were imported into 
hypermesh. The next step of the project was to 
develop a mesh for the wind turbine blade. For 
simplicity, it was started with a Quadrilateral mesh in 
Hypermesh. To simulate the loading conditions for a 
realistic wind turbine blade response, on all the 
elements resultant Pressure load were applied normal 
to the individual element and the structural linear 
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static analysis is performed on the blade by using 
MSC Nastran software solver were carried out for 
generating the output. In this analysis, the wind 
turbine blade is simplified to be a cantilever problem 
where the blade is fixed at the hub portion. 

 
Figure 1: Solid model of the twisted blade 

 
HyperMesh is a high-performance finite element pre-
processor and post-processor for major finite element 
solvers, which allows engineers to analyze design 
conditions in a highly interactive and visual 
environment. HyperMesh’s user-interface is easy to 
learn and supports the direct use of CAD geometry 
and existing finite element models, providing robust 
interoperability and efficiency. Advanced automation 
tools within HyperMesh allow users to optimize 
meshes from a set of quality criteria, change existing 
meshes through morphing, and generate mid-surfaces 
from models of varying thickness. Hypermesh is a 
market-leading, multi-disciplinary finite element pre-
processor which manages the generation of the 
largest, most complex models, starting with the 
import of a CAD geometry to exporting ready to run 
solver file.  

 
Figure 2: imported file in Hypermesh 

The created 3D Model is saved in IGES format so 
that it can be imported into the Hypermesh software. 

 
Figure 3: 2D surface Mesh on the Blade 

2.2 Definitions of Strains and Displacement 
A displacement of the plate in the x-direction is 
designated as u. For the y-direction, it is designated 
as v and for the z-direction w. Figure 4 shows these 
displacements. The strains are now defined as: 

 
Figure 4: Displacements of a plate 

 
The slope of the plate if it is bending is given as : 

 
The total in-plane displacement at any point in the 
plate is the sum of the normal displacements plus the 
displacements introduced by bending. Denoting the 
displacements of the midplane of the plate for the x 
and y directions as u0 and v0 respectively, with the 
help of figure 4  the total displacements are: 

 
 for figure 5, x can be replaced by y when u is 
replaced by v (i.e., the view could be from any side of 
the plate). It is assumed that there is no strain in the 
thickness direction, only a displacement. 
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From equations 1 and 2 ; 

 
To be the midplane strains and defining ; 

 
III. STRUCTURAL OPTIMIZATION 
TECHINIQUE 
 
In the present work, structural optimization has been 
carried out in two techniques viz., topology 
optimization and size optimization. 
 
3.1 Topology Optimization: 
Topology optimization involves the optimal 
distribution of material within the structure. Topology 
optimization is used to find a preliminary structural 
configuration that meets predefined criteria. This type 
of optimization sometimes give a design that can be 
completely new and innovative. Typically, the design 
process starts with a block of material called the 
design domain. The design domain is comprised of 
large number of candidates elements, and topology 
optimization process selectively removes the 
unnecessary elements from the domain.  
 
3.2 Size Optimization: 
Size or parameter optimization typically uses element 
cross-sectional properties as design variables. These 
include parameters such as balde thickness, area and 
moment of inertia of a beam cross-section. Size 
optimization involves the modification of the cross-
section or thickness of finite elements. the 
components with introduced cutouts are subjected to 
size optimization to get the optimized thickness for 
the required part of the components as shown in each 
modal configuration and The analysis was carried out 
by using optistruct. 
Definition of size optimization problem is as follows: 
 Design variable - Thickness of the components. 
 Design objective - Minimization of the Mass 
 Design Constraint - Strain 
the loads and boundary conditions are the same as 
those are used for topology optimization. In size 
optimization the thickness of the component are 
treated as variables. As the thickness of the 
component was reduced, the weight of the component 
is also reduced. 

3.3 Structural Geometry of the Blade 
The proposed blade is made of composite materials 
with a length of 7 m and a mass of 80kg. It is all-
Carbon fiber construction with an imbedded stud root 
structure, a thickened spar cap, and one shear web. 
The materials consist of a surface gel coat, 
reinforcing materials and UD-tapes for the skin and 
the spar cap. Poly-urethane Foam, Balsa and PVC 
core materials are also used in the leading edge, the 
trailing edge, and the shear webs. The wind turbine 
blade is made up of carbon fiber laminate using 
epoxy resin. A combination of three carbon plies with 
fiber orientation at ± 45º, (Bidirectional fabric) and 
0º, 90º (Unidirectional fabric) was used. the mainly 
purpose of using the carbon fiber materials are the 
strong, durable, and lightweight. The three different 
types of S-Series aerofoil to generate CAD geometry. 
The shear webs were placed at chord wise locations 
inside the blade just similar to the way they are used 
in NAL’s wind turbine blade. Usually small blades 
have single shear web and large blades employ two 
shear webs. As the NAL’s 10kw wind turbine blade is 
long (7m) single shear web is inserted inside the 
blade as show in figure.  

 
Figure 5: Surface Meshed solid model of the blade 

 
Figure 6: finite elements of the lower half of the blade model 

 

 
Figure 7: Geometry and typical structural C/S of the blade 

 
3.4 Material Properties 
Define the coordinate system of all the composite 
wind turbine blade as follows: X- axis is the fiber 
direction, Y-axis is perpendicular to the fiber 
direction and in the plane of laminate and Z-axis is 
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the normal to the laminate. The material properties 
are defined with respect to this coordinate system. So, 
E1  is young’s modulus in the fiber direction, E2 is the 
moduli in the transverse direction, γ12  is the Poisson’s 
ratio, G12  is the shear moduli in the xy planes 
respectively and ρ is the density. The material system 
used for the 10KW wind turbine blade is CFRP 
(Carbon Fiber Reinforced Plastic). Table1 shows the 
properties of CFRP. 

 
Table.1 Properties of CFRP Unidirectional T-300 Fabric 

 
 
3.5 FEM model of the wind turbine blade 
In FEM model of application of forces was performed 
using rigid elements type RBE3, which are intended 
to link the point of application of force with elements 
of the meshed model. In terms of the structure of 
composite material based on carbon fiber were 
modeled five model configuration of composite 
having different disposal and number of layers 
considered. In these model configurations of layers 
were arranged unidirectional and bidirectional layup 
sequence used along wind blade. By Modeling each 
composite of the blade components: top pressure 
shell, bottom pressure shell, spar cap and shear web 
were done organization method in the hypermesh. 
After assigning the material properties in each 
component. after finite element analysis were 
obtained the values of Maximum normal strains x,&y 
and maximum displacements. 
 

 
 

 
Figure 8: Loads Applied Zone in design Model 

 
The root portion of the wind turbine blade is fixed by 
constraining all six degrees of freedom i.e.,three 
translatory and three rotational DOF of the root 
section of the nodes as shown in figure. the state of 
strains of five modal configuration of composite from 
blade structure were examined. So that modeled were 
five types of composite reinforced with carbon fiber 
material T300 and fabric form with elastic 
characteristics presented in table 6.1   
 
The analysis of the blade is done by applying 
aerodynamic loads (both in-plane and out-of-plane 
loads) and the centrifugal loads. The aerodynamic 
loads were estimated theoretically by using software 
called GH bladed for a wind speed of 30m/s at a rotor 
speed of still stand condition. The model is generated 
in Hypermesh V14 as shown in figure 4 and MSC 
Nastran V 2015 solver is used for generating the 
output.  The mesh is made mostly of CQUAD4 
elements and some CTRIA3 elements. A regular 
quadrilateral mesh generation method is used to 
generate elements with low aspect ratios to prevent 
producing erroneous results. The created model 
consists of 107774 elements and 92216 nodes, as 
shown in Figure. 
 
IV. RESULTS AND DISCUSSION 
 
Table 2,3and 4 presents the various analyses 
performed and their results. Post-processing tools 
were used in Hypermesh to determine deflection and 
strain characteristics of the loaded plate. structural 
Design optimization has been carried out in two 
techniques viz., topology optimization and size 
optimization. The resulting contours represent the 
displacement, Normal Strain X and Y field resulting 
from the applied loads and boundary conditions. The 
Design model is generated in hypermesh software 
and MSC Nastran solver  were carried out for 
generated the output. The linear static analysis is 
performed on the blade as shown in figures 
9,10,11,12,13 (Existing Wind Blade) and Figures 
18,19,20,21,22.(model Config1) and figures 
27,28,29,30,31 (Model Config 2). 
(I) Existing wind turbine blade 
Analysis Results of Existing Wind Turbine Blade 

 
Figure 9: Maximum tip deflection in Blade is 259 mm 
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Contour plot of Normal Strain X (max, all) 

 
Figure 10: Minimum Value = -484 

 
Figure 11: Maximum Value = 522 

 
Contour plot of Normal Strain Y (max, all) 

Figure 12: Minimum Value = -486 

Figure 13: Maximum Value = 520 
 

Table.2 Result of Existing wind turbine blade 

 
(II) Proposed Wind Turbine Blade 
1)Model Configurattion 1 
Design Variable  - Thickness of the Components 
 
The components of all the four parts are subjected to 
size optimization to obtain the optimized thickness 
for the required part of the component as shown in 
figures. The Element thickness of all components are 
Black (1St Model Config) and Blue (2nd Model 
Config) colour region plotted.  
 
1) Top Pressure Shell 
The Element thickness of top pressure shell, 
Maximum 5.04 mm and Minimum 1.90 mm obtained 
from the size Optimization. 

 

Weight Reduction = 16 % 
Figure 14: Element Thickness of Top pressure shell 

 
2 ) Bottom Pressure Shell 
The Element thickness of Bottom pressure shell, 
Maximum and Minimum 2.52 mm obtained from the 
size Optimization. 

 
Weight Reduction = 42% 

Figure 15:Element Thickness of Bottom pressure shell 
 
3 ) Shear Web 
The Element thickness of Shear Web 17.52 mm 
obtained from the size Optimization 

Weight Reduction =17% 
Figure 16: Element Thickness of Shear Web 

 
4) Spar Cap 
The Element thickness of the Spar cap, Maximum 9.9 
mm and Minimum 7.2 mm obtained from the size 
Optimization. 

Weight Reduction = 7% 
Figure 17: Element Thickness of Spar Cap 

Analysis Results of  Model Configuration  1 
Maximum Displacement of Model configuration 1 

 
Figure:18: Maximum tip deflection = 193 mm 

Contour plot of Normal Strain X (max, all) 

 
Figure 19: Minimum Value = -475 
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Figure 20: Maximum Value = -805 

Contour plot of Normal Strain Y (max, all) 

 
Figure 21: Minimum Value = -540 

 
Figure 22 : Maximum Value = 542 

 
Table.3 Result of Proposed wind turbine blade 

 
 
2) Model Configuration 2 
1) Top Pressure Shell 
The Element thickness of Top pressure shell 1.98 mm 
obtained from the size Optimization. 

 
Weight Reduction = 56 % 

Figure 23: Element Thickness of Top pressure shell 
 
2 ) Bottom Pressure Shell 
The Element thickness of Bottom pressure shell 1.816 
mm obtained from the size Optimization. 
 

 
Weight Reduction = 60% 

Figure 24: Element Thickness of Bottom pressure shell 
 

3 ) Shear Web 
The Element thickness of Shear Web 17.52 mm 
obtained from the size Optimization. 
 

 
Weight Reduction =17% 

Figure 25: Element Thickness of Top pressure shell 
 

4) Spar Cap 
The Element thickness of the Spar cap, Maximum 
and Minimum 7.2 mm obtained from the size 
Optimization. 
 

 
Weight Reduction = 29% 

Figure 26: Element Thickness of Top pressure shell 
 

Maximum Displacement of Model configuration 2 

 
Figure 27: Maximum tip deflection = 186 mm 

 
Contour plot of Normal Strain X (max, all) 

 
Figure 28: Minimum Value = -280 

 
Figure 29: Maximum Value = 349 

 
Contour plot of Normal Strain Y (max, all) 

 
Figure 30: Minimum Value = -281 
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Figure 31: Maximum Value = 349 

 
Table.4 Result of Proposed wind turbine blade 

 
Table. 5 Results of Weight Reduced 

 
 
CONCLUSION 
 
Blade structural performance evaluation was done 
with different parameters to reduce weight. Compare 
to existing. All the possible steps were considered in 
optimizing the blade and get the results which fulfils 
our aim to reduce the weight as much as possible with 
same stiffness. In designer’s point of view, the 
deflection should be within the range i.e. less than 
300mm as per requirement. If the deflection exceeds 
the limit the lift component decreases, it will affect 
the performance of the blade and also blade may get 
damaged. 
 
 For the lay-up orientation specified in each model 
configuration wise and the final modal configuration 
of the deflection was obtained to be 186 mm which is 
in the range of allowable deflection and hence the 
design has the required stiffness. A multi-criteria 
constrained optimization design model pursued with 
respect to minimum mass of the blade is developed. 
The optimization of commercial 10kw HAWT blade 
has been carried out by combining the above method 
and design model under ultimate (extreme) parked 
condition. The optimization results are described and 
compared with the originaldesign. It shows that the 

method used in this study is efficient and produces 
improved designs. 
  
REFERENCES 
 
[1] Wind Turbine (HAWT) Blade Shapes Using Experimental 

and Numerical Methods, Energies,Vol. 6, pp. 2784-2803. 
[2] Aaron Miller, Byungik Chang, Roy Issa, Gerald Chen, 2013 “ 

Review of Computer Aided Simulation in wind energy” 
[3] M. C. Hsu, I. Akkerman, and Y. Bazilevs, “Finite element 

simulation of wind turbine aerodynamics: validation study 
using NREL Phase VI experiment,” Wind Energy, 2013. 

[4] BTM Consult ApS, Ten Year Review of the International 
Wind Power Industry 1995-2005, Denmark. 

[5] C.J.Bai,F.B.Hsiao,M.H.Li,G.Y.Huang,Y.J.Chen., “ Design of 
10kw Horizontal-Axis wind Turbine (HAWT) Blade and 
Aerodynamic Investigation using Numerical Simulation” 
2013. 

[6] Lanzafame, R., Messina, M,. 2007. Fluid Dynamics Wind 
Turbine Design: Critical     Analysis,Optimization and 
Application of BEM Theory, Renewable Energy 32, pp. 
2291-2305. 

[7] Mr. Manoj Kumar Chaudhary, Dr. Anindita Roy., “Design & 
Optimization of a Small Wind Turbine Blade for Operation at 
Low Wind Speed” International Journal on Recent 
Technologies in Mechanical and Electrical Engineering 
(IJRMEE) Volume: 2 Issue: 3 

[8] R. Lanzafame et al., \Wind turbine CFD modeling using a 
correlationbased transitional model," Renewable Energy, vol. 
52, pp. 31-39, 2013. 

[9] Abhishiktha Tummala, Ratna Kishore Velamati, “A review 
on small scale wind turbines” Renawable and sustainable 
Energy Reviews 2016, vol. 56 

[10] Peter J. Schubel and Richard J. Crossley “Wind Turbine 
Blade design” Energies 2012, 5, 3425-3449; 
doi:10.3390/en5093425 

[11] S. Derakhshan and A. Tavaziani “Study of Wind Turbine 
Aerodynamic Performance Using Numerical Methods” 
Journal of Clean Energy Technologies, Vol. 3, No. 2, March 
2015 

[12] Shammeri, T.A. Wind Turbines. s.l. : Al-Shemmeri & Ventus 
Publishing ApS., 2010.  

[13] M. M. Yelmule and E. A. Vsj, “CFD predictions of NREL 
Phase VI rotor experiments in NASA/AMES wind tunnel,” 
International Journal of Renewable Energy Research, vol. 3, 
no. 2, pp. 261-269, 2013. 

[14] S. Benjanirat, “Computational studies of the horizontal axis 
wind turbines in high wind speed condition using advanced 
turbulence models,” Ph.D. dissertation, School of Aerospace 
Engineering. Georgia Institute of Technology, 2006. 

[15] A. Gupta, “Prediction of aerodynamic forces on wind turbine 
blades using computational fluid dynamics,” Ph.D. 
dissertation, Applied Science in Industrial Systems 
Engineering. University of Regina, 2007. 

[16] Dr. R.A. Savanur and Dr. V.Y. Mudkavi june 11, 2014. 
Aeroelastic behaviour of Wind Turbine Rotors. LAP 
LAMBERT Academic Publishing. ISBN-13: 978-
3659548277, ISBN-10: 365948278.  

 
 
 
 
 
 

 


