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ABSTRACT 
 
Over the centuries, energy has been supplied by wood, coke, coal, oil and natural gas, as well as by 
uranium (nuclear energy). All these energy sources are limited and at the same time these energy sources 
create pollution problems. This has led to the focus on a sustainable energy supply, which implies 
optimized use of energy, minimized pollution. That is why wind energy is prominent and it is the solution 
to the global energy problem. The wind energy is generated by using wind turbines. The turbine blades 
plays very important role in the wind turbines. The efficiency of the wind turbine depends on the material 
of the blade, shape of the blade and angle of the blade. So, the material of the turbine blade plays a vital 
role in the wind turbines. The material of the blade should possess the high stiffness, low density and long 
fatigue life. The main objective of our topic is to discuss the different materials as candidates for turbine 
blades and to select the best material for turbine blades by using one of the MADM (Multiple Attribute 
Decision Making) approach with fuzzy linguistic variables. After the material selection, the turbine blades 
are created by using modeling packages (CATIA V5R9) and Analysis can be done by using FEM for 
different configurations, different operating conditions, in different cases were taken up to estimate the 
values of deformations, stress values and different frequency sets by altering the thickness of blade and 
angle of twist. 
 
Key words: MCDM, MADM, MODM, TOPSIS, Fuzzy Linguistic variables 
 
MCDM- Multiple criteria decision making  
MADM- Multiple attribute decision making 
MODM- Multiple objective decision making 
TOPSIS- Technique for order preference by similarity to ideal solution 
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1. Introduction  
 
Over the centuries, energy has been supplied by different types of energy sources like wood, coal etc. At 
the same time there is an increasing concern about the pollution of the world/environment (generation of 
waste). This has led to the focus on a sustainable energy supply, which (probably) implies optimized use of 
energy, minimized pollution and, implicitly, reduction in energy consumption. These aspects have led to an 
increasing focus on the short-time stored energy resources; among these the most developed types today are 
wind energy and biomass. For wind energy a converter is needed to turn the kinetic wind energy into 
operational energy, e.g., electricity and/or heat. The converter is based on a rotor driven by the wind. The 
rotor needs some sort of a device, e.g., a wing or rotor blade to be able to rotate. The rotor is typically 
placed on a tower, and this converter is usually called a wind turbine (in the past, a wind mill). The 
development of wind turbines has made a significant contribution to human achievement and technological 
advancement throughout history. Recent advances in technology and performance have resulted in current 
wind turbine designs being increasingly efficient, cost effective, and reliable. The material selection of the 
wind turbine blades plays an important role in the wind turbine designs. An ever-increasing variety of 
materials is available today, with each having its own characteristics, applications, advantages, and 
limitations. When selecting materials for engineering designs, we must have a clear understanding of the 
functional requirements for each individual component. In selecting materials for an application, 
technological considerations of material properties and characteristics are important. The economic aspects 
of material selection, such as availability, cost of raw materials, and cost of manufacturing, are equally 
important. The selection of an optimal material for an engineering design from among two or more 
alternative materials on the basis of two or more properties is a multi criteria decision-making problem. The 
material selection process motivates us to develop a multi criteria decision-making method using fuzzy set 
theory. Fuzzy set theory was developed exactly based on the premise that the key elements in human 
thinking are not numbers, but linguistic terms or labels of fuzzy sets. 
 
1.1. Wind Power Turbines 
 
       Charles F. Brush (1849-1929) is one of the founders of the American electrical industry. During the 
winter of 1887-88 Brush built what is today believed to be the first automatically operating wind turbine for 
electricity generation. After, Dane Poul la Cour, who later discovered that fast rotating wind turbines with 
few rotor blades are more efficient for electricity production than slow moving wind turbines. During 
World War II the Danish engineering company F.L. Smidth (now a cement machinery maker) built a 
number of two- and three-bladed wind turbines. This three-bladed F.L. Smidth machine from the island of 
Bogø, built in 1942, looks more like a "Danish" machine.  
        
 The innovative 200 kW Gedser wind turbine was built in 1956-57 by J. Juul for the electricity company 
SEAS at Gedser coast in the Southern part of Denmark. The Gedser wind turbine was refurbished in 1975 
at the request of NASA which wanted measurement results from the turbine for the new U.S. wind energy 
programme. In 1979 they built two 630 kW wind turbines, one pitch controlled, and one stall controlled. A 
carpenter, Christian Riisager, however, built a small 22 kW wind turbine in his own back yard using the 
Gedser Wind Turbine design as a point of departure. The prototype of the NEG Micon 1500 kW Turbine 
was commissioned in September 1995. The prototype of the Vestas 1500 kW Turbine was commissioned 
in 1996. The megawatt market really took off in 1998. The prototype of the NEG Micon 2 MW turbine was 
commissioned in August 1999. The largest offshore wind farms in Denmark are Horns Rev by the west 
coast of Jutland and Nysted close to Lolland – 160 and 158 MW respectively. A tendering procedure for 
new offshore wind farms will be commenced in late 2003.  
        
 A wind turbine is a machine for converting the mechanical energy in wind into electrical energy. If the 
mechanical energy is used directly by machinery, such as a pump or grinding stones, the machine is usually 
also called as windmill. Wind turbines can be separated into two general types based on the axis about 
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which the turbine rotates. Turbines that rotate around a horizontal axis are most common. Vertical axis 
turbines are less frequently used.  
       
 Horizontal Axis Wind Turbines (HAWTs) have the main rotor shaft running horizontally and generator at 
the top of a tower, and must be pointed into the wind by some means. Small turbines are pointed by a 
simple wind vane, while large turbines generally use a wind sensor coupled with a servomotor. Most have a 
gearbox too, which turns the slow rotation of the blades into a quicker rotation that is more suitable for 
generating electricity. Vertical axis wind turbines (VAWTs) have the main rotor shaft running vertically. 
The advantages of this arrangement are that the generator and/or gearbox can be placed at the bottom, near 
the ground, so the tower doesn't need to support it, and that the turbine doesn't need to be pointed into the 
wind. Drawbacks are usually the pulsating torque produced during each revolution; and the difficulty of 
mounting vertical axis turbines on towers, meaning they must operate in the slower, more turbulent air flow 
near the ground, with lower energy extraction efficiency.  
       
The rotor and its three rotor blades constitute a rather flimsy structure, consisting of cantilever-mounted 
blades on a central hub. Nowadays, modern wind turbine engineers avoid building large machines with an 
even number of rotor blades. The most important reason is the stability of the turbine. A rotor with an odd 
number of rotor blades (and at least three blades) can be considered to be similar to a disc when calculating 
the dynamic properties of the machine. A rotor with an even number of blades will give stability problems 
for a machine with a stiff structure. The reason is that at the very moment when the uppermost blade bends 
backwards, because it gets the maximum power from the wind, the lowermost blade passes into the wind 
shade in front of the tower. So, Most of the modern wind turbines are three-bladed designs with the rotor 
position maintained upwind (on the windy side of the tower) using electrical motors in their yaw 
mechanism. The design life time of modern wind turbines is normally thought to be 20 years, and the 
corresponding number of rotations is of the order 108 to 109. The basic design aspects for a rotor blade are 
the selection of material and shape. The material should be stiff, strong, and light. The challenge for the 
designers is thus to go beyond the simple plank and the shape of the blade with pre-twist into a design of 
the blade structure that is optimized with respect to materials selection and cost-effective production. Older 
style wind turbines were designed with wood, steel, Aluminum materials. Nowadays, composite materials 
are extensively used to design the wind turbine blades.  
            
1.2. Selection of Materials 
 
A material is that out of which anything is or may be made. Much number of factors are affecting for the 
material selection. They are properties of materials, performance requirements, material’s reliability, safety, 
Physical attributes environmental conditions, availability, disposability and recyclability, and finally 
economic factors. In these properties,  

1) One of the most important factors affecting selection of materials for engineering design is the 
properties of the materials. The important properties of the materials are mechanical, thermal, 
chemical properties..,etc.  

2) The material of which a part is composed must be capable of performing a part’s function (always 
it must be possible or not) with out failure.  

3) A material in a given application must also be reliable. 
4) A material must safely perform its function. 
5) Physical attributes such as configuration, size, weight, and appearance sometimes also serve 

functional requirements can be used. 
6) The environment in which a product operates strongly influences service performance. 
7) A material must be readily available, and available in large enough quantity, for the intended 

application. 
8) The cost of the materials and the cost of processing the materials into the product or part. The 

development and manufacture of satisfactory products at minimum cost is to make a sound, 
economic choice of materials.    

The material selection process involves the following major operations: 
• Analysis of the materials application problem. 
• Translation of the materials application requirements to materials property values. 
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• Selection of candidate materials. 
• Evaluation of the candidate materials. 

And in any material selection, the following requirements are focused. They are  
1) High material stiffness is needed to maintain optimal shape of performance. 
2) Low density is needed to reduce gravity forces, 
3) Long-fatigue life is needed to reduce material degradation. 

The optimal design of the rotor blades is today a complex and multifaceted task and requires optimization 
of properties, performance, and economy. 
 
1.3. Materials   
 
       Wind energy is captured by the rotation of the wind turbine's rotor blades. Rotor blades have 
historically been made of wood, but because of its sensitivity to moisture and processing costs modern 
materials such as glass fiber reinforced plastic (GFRP), carbon fiber reinforced plastic (CFRP), steel and 
aluminum are replacing the traditional wooden units.  
    
Wood is a composite of cellulose and lignin. Wood finds many engineering applications and has long been 
a common construction material. Woods are potentially interesting because of their low density, but their 
rather low stiffness makes it difficult to limit the (elastic) deflections for very large rotor blades. Even 
wood materials with cellulosic fibers all aligned in the major load-bearing directions are close to the 
maximum performance possible for wood. Furthermore, wood is a natural material and thus 
environmentally attractive, but at the same time difficult to obtain in reproducible and high quality, which 
is a requirement for stable and economical manufacturing of rotor blades and thus economically attractive 
wind energy. 
     
 Steel is an alloy of iron and carbon. Older style wind turbines were designed with heavier steel blades or 
nickel alloy steels which have higher inertia, and rotated at speeds governed by the AC frequency of the 
power lines. The high inertia buffered the changes in rotation speed and thus made power output more 
stable. The purpose of nickel alloy is lessens distortion in quenching and lowers the critical temperatures of 
steel and widens the range of successful heat treatment. Nickel alloy possesses good corrosion and 
oxidation resistance. Alloy steel was once thought to be an optimum choice for blade fabrication, but was 
soon abandoned because of its high weight and low fatigue level. 
   
Aluminium is a silvery white metal with a density about a third that of steel. Aluminum was only 
implemented in testing situations because it was found to have a lower fatigue level than steel. Aluminium 
is ductile and good heat conductor. Aluminium is a low price metal but it has good reliability and has a low 
tensile strength. Aluminum is lightweight, but weaker and less stiff than steel.  
   
The fibers and the matrix materials like polyesters, vinyl esters, epoxies etc., are combined into the 
composites. These composites have good properties like mechanical, thermal and chemical properties. 
Firstly, the glass fibers are amorphous with isotropic properties. Most glass-reinforced products are made 
with E-glass (electrical glass), which has good electrical and mechanical properties and high heat 
resistance. E-glass is available as chopped fiber, milled fiber, continuous roving, woven roving, woven 
fabric, and reinforcing mat. Glass fibers for composites have good properties like moderate stiffness, high 
strength, and moderate density. 
    
Carbon fibers are composed of nearly pure carbon, which forms a crystallographic lattice with a hexagonal 
shape called graphite. In recent years carbon fibers have become of increasing interest because of the 
requirements presented by the ever-larger rotor blades and the decreasing price of carbon fibers. Carbon 
fibers for composites have an excellent combination of very high stiffness, high strength, light weight and 
low density. 
    
 Aramid fibers (aromatic polyamides) are characterized by excellent environmental and thermal stability, 
static and dynamic fatigue resistance, and impact resistance. These fibers have the highest specific tensile 
strength (strength/density ratio) of any commercially available continuous-filament yarn. Aramid-
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reinforced thermoplastic composites have excellent wear resistance. Aramid fibers have low or very low 
densities.  
 
 
 
2. Decision making 
 
    In the past, engineering design of a product component is usually viewed as a problem solving 
procedure. In recent years, more and more design researchers view engineering design of a product 
component as a decision-making process that requires rigorous evaluation of design alternatives. A 
decision is a commitment to use resources. Problem solving is generating and refining information 
punctuated by decision-making. 
     
 Many decisions need to be made under conditions of lack of information. The development of statistics 
and probability theory laid down the foundation of decision theory. Traditionally, the work of Bernoulli in 
1738 is regarded as the beginnings of a formal decision theory under uncertainty. He proposed the idea that 
decision maker might wish to maximize the expected value of something other than wealth. Later, so many 
developments are happened. In those developments, Fuzzy logic also proposed by Lotfi zadeh as a 
decision-making method under situation of ‘vagueness’. It was proposed in 1973. After, further 
developments are happened on basis of fuzzy decision making. “Fuzzy” refers to its ability to deal with 
imprecise or vague inputs. Fuzzy logic is a powerful new way to analyze and control complex systems.       
      
Decision making theory provides a number of suggestions for how to estimate complex probabilities under 
uncertainty. The use of decision making rule may facilitate a) Selection of the most desirable alternative b) 
sorting of alternatives into classes arranged into a priority order c) ranking of alternatives from best to 
worst. Decision rules provide on the basis for selection, sorting and ranking by integrating the data on 
alternatives and Decision Maker’s preferences into an overall assessment of the alternative.  
 
2.1. Decision making under uncertainty 
    
    One of the most important factors in decision making is the degree of uncertainty. Whenever the 
designer makes a decision, he is performing a prediction of the effect of future events in technical 
feasibility, economic viability and trade-off between them. To make a successful prediction, good 
information (previous experience, outcomes from the similar circumstance, design knowledge, expertise 
etc.), proper methods and sometime good intuition are needed. And all geometry information, material 
properties, manufacturing process parameters, market change, customers’ preference, development and 
manufacturing cost etc. can be estimated exactly and the future events are perfectly predictable. 
Engineering decision-making has distributed nature (linked decision-making) and involves all design stages 
including the selection of material, concept, configuration, geometry and process plan etc. At each stage 
alternatives are generated, analyzed, and selected. For Engineering Design, quality, cost and time to market 
are three most important objectives and they are conflicted, for example, if we want to improve the quality, 
the cost will increase etc. The final objective of a company’s activities is to maximize the profit. All 
methods are based on one assumption that there is a known probability value for the future event (e.g. a 
product’s performance). However, it may be in appropriate or impossible to assign probabilities to the 
future events identified for a given decision situation. There are no meaningful data available from which 
probabilities may be developed. Then how can people make decision under such a difficult situation? 
Usually, there are two ways to solve the problem of not being able to assigning objective probability 
values: using subjective judgment or/and collecting new data. When there are no previous data available, 
decision-maker can make assessment (reasonable or not) of the probabilities of future events based on his 
own knowledge and experience. The result of assessment reflects his confidence level. We may have 
pessimist, optimist or neutral decision maker. In other instances the decision maker may be unwilling to 
assign such a subjective probability, as is often the case when the outcome could prove to be bad. In such a 
case, the decision may be deferred until enough new data have been collected to help handle uncertainties.  
 
2.1.1. Multiple criteria decision making  
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w1r11   w2r12  . . . wnr1n 
 
w1r21   w2r22  . . . wnr2n 
 . 
 . 
 .   
w1rm1  w2rm2 . . . wnrmn

V= RW = (2) 

MCDM (Multiple criteria decision making) methods can be used to solve the uncertainty problems. 
Multiple criteria decision-making (MCDM) can be broadly divided into Multi-Objective Decision Making 
(MODM) and Multi-Attribute Decision Making (MADM). 
 

 

 

 

 
 
 
 
MODM: Optimization of an alternative or alternatives on the bases of prioritized objectives 
MADM: Selection of an alternative from a set of alternatives based on prioritized attributes of the 
alternatives. 
MODM studies decision problems in which the decision space is continuous and design alternatives are 
defined implicitly by a mathematical programming structure (a typical example is mathematical 
programming problems with multiple objective functions). On the other hand, MADM concentrates on 
problems with discrete decision spaces and alternatives are defined explicitly by a finite list of attributes. In 
these problems the set of decision alternatives has been predetermined. Moreover, an attribute with a 
direction may be an objective. Different types of methods are developed based on MADM approach. They 
are Weighted Sum, Lexicographic, AHP, SMART, TOPSIS, ELECTRE, PROMETHEE, Goal 
Programming etc.  
 
2.1.2. Technique for order preference by similarity to ideal solution (TOPSIS)  
 
  TOPSIS, which was first introduced by Yoon and Hwang (1981). The TOPSIS will give ideal solutions 
over the other available methods. For the present work, we adopted the TOPSIS method to find the best 
alternative. It is based on the idea, that the chosen alternative should be nearer to the ideal solution and the 
away from the negative-ideal solution in some geometrical sense. The assumption of the utility of each 
attribute tends to increase (or decrease) monotonically. Then it is easy to locate the ideal solution, which is 
defined as the sum of all best attribute values attainable, and the negative-ideal solutions composed of all 
worst attribute values attainable.  
 
The TOPSIS method takes the following steps (Yoon and Hwang, 1981): 
Step 1: Construct the normalized decision matrix 
One method is to take the outcome of each criterion divided by the norm of the total outcome vector, also 
called the Euclidean length of a vector. So the element rij of the normalized decision matrix R is: 

                                              
∑
=

=
m

i
ij

ij
ij

x

x
r

1

2
                         (1) 

rij is the normalized preference measure of the i-th alternative in terms of the j-th criterion. Now all 
attributes have the same unit length of vector. 
Step 2: Construct the weighted normalized decision matrix 
With the set of weights W = (w1, w2. . . wn) the weighted normalized matrix V can be generated as follows: 
 
 
 
 
 

Multiple Criteria Decision Making 
(MCDM) 

Multiple Attribute Decision Making 
(MADM) 

Multiple Objective Decision Making 
(MODM) 
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Where m is the number of alternatives, n is the number of criteria  
Step 3: Determine the ideal and negative-ideal solutions 
The ideal solution A*, and the negative-ideal solution, denoted as A⎯⎯ are:  
 

  

Where  

 

Therefore it is obvious that the previous created alternatives A*and A⎯ represent the most preferable 
alternative, i.e. the ideal solution, and the least preferable alternative or negative-ideal solution, 
respectively. 
Step 4: Calculate the separation measure 
Next the separation distances of each alternative from the ideal solution and the negative-ideal solutions are 
reached by the n-dimensional Euclidean distance method. That means Si* is the distance (in an Euclidean 
sense) of each alternative from the ideal solution and is defined as: 
 

                                            ∑
=

−=
n

j
jiji vvS

1

2*
* )( , for i=1, 2, 3…, m,                (5) 

and the distance from the negative-ideal solution defines as follows: 
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j
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1

2)( , for i =1, 2, 3…, m.                  (6) 

Step 5: Calculate the relative closeness to the ideal solution 
            The relative closeness of an alternative Ai with respect to the ideal solution A* is represented by: 

                                          
−

−

+
=

ii

i
i SS

S
C

*
* , where 0< Ci* < 1 and i = 1, 2, 3 …, m.        (7) 

Apparently an alternative Ai is closer to the ideal solution as Ci* approaches to 1. 
Thus, Ci*= 1, if Ai = A*, and Ci− = 0, if Ai= A¯ . 
Step 6: Rank the Preference Order 
            Now a preference order can be ranked according to the order of Ci*. Therefore, the best alternative 
is the one with the nearer to the ideal solution and with the away from the negative-ideal solution.�
 
2.1.3. Fuzzy Linguistic variables 
 
      In TOPSIS method, the decision makers assign the weight priorities by using fuzzy linguistic variables. 
The linguistic approach is an approximate way to represent natural words or sentences used in human 
judgment and perception. The fuzzy linguistic approach represents qualitative aspects as linguistic values 
by means of linguistic variables. Linguistic decision analysis transforms the linguistic description of the 
DM into a mathematical model to provide a flexible framework for solving decision problems. To handle 
confidence we use the fuzzy α cut concept in addition to a linguistic approach. The fuzzy linguistic 
approach has been successfully applied to different areas, such as, decision-making, information retrieval, 
clinical diagnosis, marketing, risk in software development, technology transfer strategy selection, 

  A*  ={ (max vij| j є J1 ),(min vij| j є J2), i=1,2,3,....,m} = {v1*, v2* , ..., vn* } 
A¯  = {(min vij | j є J1), (max vij | j є J2), I = 1, 2, 3,…, m} = {v1, v2,…, vn -} (3) 

J1 = {j = 1, 2, 3... n and j is associated with benefit criteria}, 
  J2 = {j =1, 2, 3... n and j is associated with cost criteria} 

(4) 
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  30           190              7.5             15              550 
 
  10             90              2.7             12               400 
 
  73           3500           2.54             3                350  
 
  350          4000           1.75            1.8             500  
 

120 3600 1.45 11 250

Properties   stiffness    tensile         density     elongation      Max 
                      (GPA)    strength      (g/cm3)    at break (%)    temp 
Materials                       (Mpa) 

  Steel 
 
Aluminium 
 
 Glass – E 
 
  Carbon   
 
  Aramid 

0.07927   0.02958       0.8651    0.66934   0.58056 
 
0.02642   0.01401       0.3114    0.53548    0.4222 
 
0.19289   0.54492       0.2929    0.1339      0.3694 
 
0.9248     0.62277       0.2018     0.08032   0.5278 
 
0.3171      0.56049      0.1672     0.49085    0.2639 

R =

educational grading systems, scheduling, consensus, materials selection, personnel management, education 
etc. Usually, depending on the problem domain, an appropriate linguistic term set is chosen to describe the 
vague or imprecise knowledge. The different objectives could be required with different importance. This 
is the reason for representing the importance values associated to the objectives by means of linguistic 
weights. So, the linguistic weights required for the above k objectives are  
 
 
 
The labels proposed for the feature weighting are the following:     
 
 
 
A way to characterize a fuzzy number is to use a representation based on parameters of its membership 
function. So, the linguistic assessments given by the users are just approximate ones, and then linear 
trapezoidal membership functions are good enough to capture the vagueness of those linguistic 
assessments. So, we can represent the triangular membership function by a 3-tuple as (a, b, c). In the 
present work, we employed a weight set as "very high," "high," "medium," "low" and "very low" to 
evaluate the importance of a material property. 
 
2.1.4. Material selection by using TOPSIS Method 
          
Now, the material selection can be done by using the TOPSIS method. In the material selection we 
discussed different properties of materials related to the wind turbine blades and the different steps 
involved in the TOPSIS method are discussed above. Various properties of the different materials are 
tabulated below.  
 
 
                 
  
 
 
 
 
 
 
       
                  
 
 
 
 
Now, we can apply the TOPSIS method in step wise. The weights can give their importance and 
capabilities of material. i.e.                             ..       
 
 So, formalize the normalized decision matrix R from the above matrix. 
 
 
 
 
 
 
 
 
 
 
 

α = ( α1, α2 …, αk)   αi є W 

W = {Essential, Very high, Fairly high, High, Moderate, Low, Fairly low, Very low, 
                                                                                                                 Unnecessary}   (9) 

W = {1, 2, 2, 3, 4}   
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0.07927     0.05916      1.7302      2.00802      2.32224 
 
0.02642     0.02802      0.6228      1.60644       1.6888 
 
0.19289     1.08984      0.5858      0.4017         1.4776 
 
0.9248       1.24554      0.4036      0.24096       2.112 
 
0.3171        1.12098      0.3344     1.47255      1.0556 

V =

S1* = 2.0176,  S2* = 1.71322,  S3* =1.980614,  S4* =1.780961, S5*= 1.50861 
 
S1⎯ =2.175,     S2⎯ =1.868636,  S3⎯ =1.633626,    S4⎯ = 2.27235,     S5⎯ =2.1781 

 
 
 
 
 
After, formalize the weighted normalized matrix (V) is: 
 
 
 
 
 
 
 
 
 
 
 
 
 
The separation measures are  
 
 
 
 
 
 
Finally we get the ideal solutions:     C1

* = 0.51877,    C2
* =0.52169,     C3

* = 0.451997,     C4
* =0.5606157,  

C5
* = 0.59079. Now, preference rank the alternatives according to descending order of Ci

*. So, the order of 
the ideal solutions is A5, A4, A2, A1, and A3. The final selection of material for the wind turbine blade is 
done from this rank list considering the invisible attributes, like company strategies, market availability of 
particular material and its characteristic properties etc. In the above order of the ideal solutions, aramid 
fiber is the best alternative. But aramid fibers have poor compressive strength, poor machineability, and 
poor environmental stability, poor temperature strength. That’s why we selected the best alternative as 
carbon fiber material (i.e.A4).    
 
3. Case Study  

First, we created the model of wind power turbine blades with pre-twist of different angles by using 
mechanical packages (CATIA V5R9).   
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Then, the analysis is done by using ANSYS 5.4 for different configurations, different operating conditions, 

in different cases are taken up to estimate the values of deformations, stress values and different frequency 

sets by altering the thickness of blade and angle of twist. The data of the wind turbine blade is w= 75mm, 

L= 300mm. angle of twists = 00,150,450. Varying thicknesses of blade = 7mm &5mm. type of element is 

3-D layered structural solid-46. 
                 

   
 
The results are shown below. 

Angle of 
blade 
     (degrees) 

  Deformation 
       (mm) 

Vonmisess 
stress value   

Frequency (Hz) 
       1st  set 

Frequency (Hz) 
      Last set  

         0  0.053649  14.5715 42.6705   44.7995 
        15  0.051503    8.75  40.623   42.033 
        30  0.060324  17.224  46.5205   48.046 
        45  0.07745  24.046   69.068   73.8535 

 
From this analysis, we observed that behavior of wind turbine blades made out of composite materials 
using carbon fibers.  
 
4. Summary 
 
     In this paper, we discussed the material selection for wind turbine blades using the TOPSIS method 
with fuzzy linguistic variables. The material selection process is an integrated step in any design process, 
which is solved precisely using this methodology. The TOPSIS method, which is unique in the way of 
determining the preference order, presented clearer results. From the analysis we observed that if the wind 
turbine blades are made out of composite materials using carbon fibers, then they possess the high stiffness, 
low density and long fatigue life.  Most MCDM methods are based on a big knowledge of the decision 
maker about the alternatives, their criteria and the preference weights. Often different MCDM methods 
deliver different results for the same decision problem. The development of the methodology of MCDM in 
already existing MCDM methods and may be in some new MCDM methods in the future.  
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