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Abstract: The components used in "small wind turbine blades" have seen rapid growth in recent decades
has resulted in improvements in manufacturing techniques. The choice of suitable materials is required
since the aerodynamic loads rise as blade length increases. As it must satisfy numerous selection
requirements, choosing the optimal material from among the many potential metals for "small wind
turbine blades" is a crucial task. "A multi-criterion decision-making (MCDM)" situation is one in which
one must choose the best materials for small wind turbine blades from all available options. The
resources that have been identified are the proper ratios of "metal, plastic, natural, and
synthetic/natural-synthetic hybrid materials . This study applies an approach that is based on "the Grey
Relational Analysis (GRA) method" to assist in choosing the best materials for small wind turbine blades
from all available options. The rank for Wood is 9, Aluminium is 10, CFRPep is 1, GFRPep is 2, GFRPpp
is 5, CGFRPep is 3, CGFRPepp is 4, FGFRPep is 7, SGFRPep is 6 and Plastic is 8. The ranking order is
“CFRPep> GFRPep> CGFRPep> CGFRPpp> GFRPpp> SGFRPep> FGFRPep> Plastic > Wood >
Aluminium”. In this paper, the GRA analysis shows that “Epoxy-based Carbon Fiber Reinforced
Plastic” is observed as an evolving best-compromised material for small wind turbine blades.

Keywords: Natural fibres, Tensile Strength, Flexural Strength, Composite materials, MCDM, Corrosion
resistance, turbine blade.

1. INTRODUCTION

The configuration of the blades has a significant influence on the amount of energy that is harvested from wind
power, which is one of the most potentially sustainable energy resources. Variations in air pressure are what
create the wind. Worldwide variations in "terrain, aquatic bodies, and flora" all have an impact on the velocity
and direction of wind movement [1]."Wind turbines™ are now used to produce energy. A propeller is moved by
the angular momentum of the air, which rotates a generator's rotor and produces electrical energy. " The
geometry and flow Reynolds number of wind turbines” are connected to their aerodynamics. " The horizontal-
axis wind turbine" is the one that is most frequently utilised in commercial uses (HAWT). The rated produced
power is used to categorise windmills. For instance, the term "small wind turbines" describes wind turbines with
nominal powers under 50 kW [2].Small wind turbines are used to generate electricity for buildings, some of
which may or may not be linked to the power system. According to “the World Wind Energy Association”, the
amount of installed wind power worldwide has "increased by 52.552 GW, bringing the total amount of power
produced to 539.291 GW". This sizeable amount provides for 5% of the world's electricity needs, with Denmark
setting a new record with wind generators providing 43% of its energy needs [3].According to "the World Wind
Energy Association's research”, the market for tiny wind turbines is anticipated to expand significantly over the
next several years. One of the main components of a "small wind turbine (SWT)" is the blade, which many
scientists have concentrated on in order to improve aerodynamics while few have focused on structural
application [4].The majority of research studies on SWT blades are focused on the development of low
Reynolds number airfoils and the use of observational and theoretical methods to assess the rotor's performance.
The strength design, which includes substance choice, is a crucial step in the SWT blade design phase following
"the aerodynamic design" [5].According to the "erratic nature of wind speed and direction”, fatigue stresses are
frequently applied to the revolving wind turbine rotors. Therefore, the blade should be strong enough to endure
such circumstances for the duration of its intended life, which is made possible by adequate strength
construction. The study on the strength layout and components for SWT blades has only been discussed by a
small number of investigators [6]. The writers of the research studies that are now accessible have overlooked
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numerous important requirements for SWT blades in favour of focusing primarily on "high strength-to-weight
ratios". Due to their "high strength to weight ratios, glass fibre reinforced plastic (GFRP) and carbon fibre
reinforced plastic (CFRP)" are the materials most frequently utilised for SWT rotors [7]. By referencing their
application in "the large wind turbine blades, GFRP and CFRP are used in SWT blades". Different materials that
might not be appropriate for "large wind turbine blades" could be used for "SWT blades". As a result, a few
scientists have considered these possibilities and suggested a few other materials that are especially appropriate
for "SWT blades" [8]. Experts have also realised that green resources are needed in renewable energy devices
due to the growing environmental and sustainable growth concerns over the past 20 years. A few scientists have
also proposed and investigated blades made of "wood and aluminium” [9]. For "SWT blades", some
investigators have suggested using natural fibres or a mix of natural and glass fibres. Although new resources
for SWT blades have been offered by researchers, it is crucial to evaluate these elements using organised
mathematical techniques to select the optimal one [10]. Choosing the right material for an SWT blade is a
difficult undertaking because it must satisfy several requirements. A thorough assessment and the use of
relevant "multi-criteria decision-making" approaches are required for the selection of relevant material amongst
numerous options and criteria [11]. This study applies an approach that is based on "the Grey Relational
Analysis (GRA) method" to assist in choosing the best materials for small wind turbine blades from all available
options.
2. MATERIALS & METHODS

A "multiple attribute decision-making” (MADM) issues is one where a decision must be made from a small set
of alternatives that have been assessed on a variety of criteria, both quantitative and subjective. Recently,
MADM has received a lot of attention from academics across a range of disciplines [12]."The grey system
concept” is one method for investigating ambiguity that excels at mathematically evaluating systems with shaky
knowledge. According to the grey system concept, a white system has all the information available, whereas a
black system has all the information uncertain [13]."A grey system" is one that only has the least part of
recognised details. " Grey relational analysis (GRA), grey decision, grey programming, and grey control" are the
five main components of the grey systems approach. GRA is part of the grey systems approach, which helps
tackle challenges with intricate interconnections between various components and quantities [14]. Therefore, the
GRA technique has been extensively employed to address uncertainty issues arising from discontinuous data
and partial knowledge. Additionally, the GRA approach is one of the most widely used techniques for
examining numerous associations between discrete data collections and for making conclusions when dealing
with several attributes. The main benefits of the GRA technique are that it is some of the best ways to make
judgments in a corporate context, the computations are easy to understand, and the conclusions are dependent on
the raw data [15]. Widespread use of "Deng's (1982) grey systems approach” in a variety of domains. It has been
demonstrated to be practical for coping with inaccurate, insufficient, and ambiguous info. " Grey relational
analysis (GRA)" is a branch of the grey systems approach, which can be used to solve issues involving complex
interactions between several different elements and elements [16].Numerous MADM issues, including "hiring
decisions (Olson & Wu, 2006), restoration planning for power distribution systems (Chen, 2005), an inspection
of integrated-circuit marking processes (Jiang, Tasi, & Wang, 2002), modelling of quality function deployment
(Wu, 2002), defect detection in silicon wafer slicing (Lin et al., 2006)", etc., have been effectively addressed by
the use of GRA [17].By incorporating all of the achievement similarity measures taken into account for each
option into a fixed value, GRA can help address MADM troubles. As a result, the original issue is reduced to a
judgement issue involving a single attribute. As a result, following the GRA procedure, solutions with numerous
characteristics can be simply evaluated [18]. Furthermore, a comparison sequence is created by converting the
behaviour of each possibility into the primary step of GRA. The term "grey relational generating" refers to this
phase. Based on those sequences, "a standard sequence (ideal target sequence)" is defined. Finally, the grey
relational correlation between all similarity variants and the benchmark pattern is determined [19]."The grey
relational grade" between each comparable pattern and the benchmark pattern is then generated based on those
"grey relational coefficients". The optimal variant will be the one whose converted comparable sequence has the
greatest grey relational grade among "the reference sequence and itself" [20].

Step 1. sign of decision matrix and weight matrix
For an MCDM problem consisting of m alternatives and n criteria, let D = x;; be a decision matrix, where x;; €

R
X11 X127t Xain
X21 X2 Xan
D= . 1
Xm1 Xm2 Xmn
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Step 2. Normalization of decision matrix

The normalization of two types of data i.e., better when the higher type or better when lower is evaluated using
equations 2 or 3 respectively. After normalization, the data ranges from 0 to 1.
_ Nij—mil’l(Nij)
Mij - max(N;;)—-min(N;;) 2
M. = max(Njj)—Nij
Y max(N;;)-min(N;))
Where i,j = 1,2,3,-,n

3

Step 3. Deviation = the max value after normalization — value of the current row 4

Step 4. Calculation of Gray relation coefficient

Apmin—§A e e .
Cii = min~$dmax___\upere zeta (&) is distinguishing coef ficient 5
J " current value—&Amay

Step 5. Calculation of Gray relation grade

It represents the Gray Relation Coefficient on averages. After that, options are ordered using the "Gray Relation
Coefficient's average” [21, 22].we consider ten materials “Wood, Aluminium, CFRPgp, GFRPgp, GFRPpp,
CGFRPep, CGFRPpp, FGFRPep, SGFRPep and Plastic” as alternate. After consideration, “Tensile Strength
(MPa), Flexural Strength (MPa), Corrosion resistance, Density (kg/m3), Blade Cost (Rupee) and Setup Cost
(Rupee)” are to be used as evaluation parameters for SWT blade material selection. Here “Tensile Strength
(MPa), Flexural Strength (MPa) and Corrosion resistance” are beneficial criteria. “Density (kg/m3), Blade Cost
(Rupee) and Setup Cost (Rupee)” are taken as non-beneficial criteria.

3. RESULTS AND DISCUSSION

TABLE 1. Quantitative data for alternative materials for SWT

Tensile Flexural Corrosion | Density Blade Setup

Material Strength (MPa) Strength (MPa) resistance | (kg/m3) | Cost (Rupee) Cost (Rupee)
Wood 70 147 3 625 7407.9 576170
Aluminium 229 299 7 2700 12346.5 1975440
CFRPep 440 286 9 1400 13169.6 246930
GFRPEep 190 252 9 1700 2469.3 246930
GFRPep 150 199 I 1350 2140.06 246930
CGFRPep 165 218 8 1300 1810.82 246930
CGFRPpp 135 179 I 1200 1646.2 246930
FGFRPep 88 122 5 1320 2469.3 246930
SGFRPEep 80 113 5 1340 1975.44 246930
Plastic 40 75 8 1250 823.1 1481580

Table 1 shows the initial decision matrix for Quantitative data for alternative materials for SWT. Here we
consider ten materials “Wood, Aluminium, CFRPgp, GFRPegp, GFRPpp, CGFRPgp, CGFRPpp, FGFRPgp,
SGFRPep and Plastic” as alternate. After consideration, “TensileStrength (MPa), FlexuralStrength (MPa),
Corrosionresistance, Density (kg/m3), BladeCost (Rupee) and SetupCost (Rupee)” are to be used as evaluation
parameters for SWT blade material selection. Here “Tensile Strength (MPa), Flexural Strength (MPa) and
Corrosion resistance” are beneficial criteria.“Density (kg/m3), Blade Cost (Rupee) and Setup Cost (Rupee)” are
taken as non-beneficial criteria.
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Quantitative data for alternative materials
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FIGURE 1.Quantitative data for alternative materials for SWT

Figure 1 illustratesthe initial decision matrix for Quantitative data for alternative materials for SWT. Here we
consider ten materials “Wood, Aluminium, CFRPgp, GFRPgp, GFRPpp, CGFRPgp, CGFRPpp, FGFRPgp,
SGFRPgp and Plastic” as alternate. After consideration, “Tensile Strength (MPa), Flexural Strength (MPa),
Corrosion resistance, Density (kg/m3), Blade Cost (Rupee) and Setup Cost (Rupee)” are to be used as
evaluation parameters for SWT blade material selection.

TABLE 2. Normalized matrix
0.0750 | 0.3214 | 0.0000 | 1.0000 | 0.4667 | 0.8095
0.4725 | 1.0000 | 0.6667 | 0.0000 | 0.0667 | 0.0000
1.0000 | 0.9420 | 1.0000 | 0.6265 | 0.0000 | 1.0000
0.3750 | 0.7902 | 1.0000 | 0.4819 | 0.8667 | 1.0000
0.2750 | 0.5536 | 0.6667 | 0.6506 | 0.8933 | 1.0000
0.3125 | 0.6384 | 0.8333 | 0.6747 | 0.9200 | 1.0000
0.2375 | 0.4643 | 0.6667 | 0.7229 | 0.9333 | 1.0000
0.1200 | 0.2098 | 0.3333 | 0.6651 | 0.8667 | 1.0000
0.1000 | 0.1696 | 0.3333 | 0.6554 | 0.9067 | 1.0000
0.0000 | 0.0000 | 0.8333 | 0.6988 | 1.0000 | 0.2857

Table 2 shows the normalized array for material propertiesof alternative materials for SWT. This is calculated
using equation 2 for beneficial criteria (“Tensile Strength (MPa), Flexural Strength (MPa) and Corrosion
resistance”) and equation 3 for non-beneficial criteria (“Density (kg/m3), Blade Cost (Rupee) and Setup Cost
(Rupee)”).

TABLE 3. Deviation sequence
0.9250 | 0.6786 | 1.0000 | 0.0000 | 0.5333 | 0.1905
0.5275 | 0.0000 | 0.3333 | 1.0000 | 0.9333 | 1.0000

0.0000 | 0.0580 | 0.0000 | 0.3735 | 1.0000 | 0.0000
0.6250 | 0.2098 | 0.0000 | 0.5181 | 0.1333 | 0.0000
0.7250 | 0.4464 | 0.3333 | 0.3494 | 0.1067 | 0.0000
0.6875 | 0.3616 | 0.1667 | 0.3253 | 0.0800 | 0.0000
0.7625 | 0.5357 | 0.3333 | 0.2771 | 0.0667 | 0.0000
0.8800 | 0.7902 | 0.6667 | 0.3349 | 0.1333 | 0.0000

0.9000 | 0.8304 | 0.6667 | 0.3446 | 0.0933 | 0.0000
1.0000 | 1.0000 | 0.1667 | 0.3012 | 0.0000 | 0.7143

Table 3 shows the Deviation sequence matrix for material properties of alternative materials for SWT. This
value is calculated using equation 4 that is Maximum value of the column of normalized value is subtracted
from the current value of the normalized matrix.
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TABLE 4. Grey Relation Coefficient
0.3509 | 0.4242 | 0.3333 | 1.0000 | 0.4839 | 0.7241
0.4866 | 1.0000 | 0.6000 | 0.3333 | 0.3488 | 0.3333

1.0000 | 0.8960 | 1.0000 | 0.5724 | 0.3333 | 1.0000
0.4444 | 0.7044 | 1.0000 | 0.4911 | 0.7895 | 1.0000
0.4082 | 0.5283 | 0.6000 | 0.5887 | 0.8242 | 1.0000
0.4211 | 0.5803 | 0.7500 | 0.6058 | 0.8621 | 1.0000
0.3960 | 0.4828 | 0.6000 | 0.6434 | 0.8824 | 1.0000
0.3623 | 0.3875 | 0.4286 | 0.5988 | 0.7895 | 1.0000

0.3571 | 0.3758 | 0.4286 | 0.5920 | 0.8427 | 1.0000
0.3333 | 0.3333 | 0.7500 | 0.6241 | 1.0000 | 0.4118

Table 4 shows the Grey Relation Coefficient matrix for material properties of alternative materials for SWT.
This value is calculated using equation 5 and the zeta value is 0.5. Table 3 Deviation sequence matrix is for
calculating Grey Relation Coefficient

TABLE 5. Grey Relation Grade

Materials GRG
Wood 0.55274
Aluminium 0.51702
CFRPep 0.80029
GFRPep 0.73824
GFRPpp 0.65822
CGFRPep 0.70321
CGFRPrp 0.66743
FGFRPEep 0.59446
SGFRPEep 0.59938
Plastic 0.57542

Table 5 shows the Grey Relation Grade value for alternate materials taken for this paper. Its average values of
the Grey Relation Coefficient using table 4. Here Grey Relation Grade value for Wood is 0.55274, Aluminium
is 0.51702, CFRPgp is 0.80029, GFRPgp is 0.73824, GFRPgp is 0.65821, CGFRPgp is 0.70321, CGFRPep is
0.66742, FGFRPep is 0.59445, SGFRPep is 0.59937 and Plastic is 0.57541

FIGURE 2. Grey Relation Grade

Figure 2 shows the graphical representation of the Grey Relation Grade value for alternate materials taken for
this paper. Its average values of the Grey Relation Coefficient using table 4. Here Grey Relation Grade value for
Wood is 0.55274, Aluminium is 0.51702, CFRPgp is 0.80029, GFRPgp is 0.73824, GFRPpp is 0.65821,
CGFRPep is 0.70321, CGFRPep is 0.66742, FGFRPep is 0.59445, SGFRPep is 0.59937 and Plastic is 0.57541.
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TABLE 6.The rank of BPM tools

Materials Rank
Wood 9
Aluminium 10
CFRPep 1
GFRPep 2
GFRPpp 5
CGFRPep 3
CGFRPpp 4
FGFRPEep 7
SGFRPEep 6
Plastic 8

Table 5 shows the rank of the alternate materials taken for this paper by ranking Grey Relation Grade values
using table 5. Here rank for Wood is 9, Aluminium is 10, CFRPgp is 1, GFRPgp is 2, GFRPpp is 5, CGFRPgp is
3, CGFRPpp is 4, FGFRPgp is 7, SGFRPgp is 6 and Plastic is 8. The ranking order is “CFRPgp> GFRPgp>
CGFRPgp> CGFRPpp> GFRPpp> SGFRPep> FGFRPgp> Plastic > Wood > Aluminium”.

- \J\‘V!JLNJ
® Aluminium

W CFRPEP

m CGFRPEP
CGFRPPP
FGFRPEP
SGFRPLP

Plastic

Rank

FIGURE 3. The rank of alternate materials

Figure 3 shows a graphical representation of the alternate materials taken for this paper by ranking Grey
Relation Grade values using table 5. Here rank for Wood is 9, Aluminium is 10, CFRPgp is 1, GFRPgp is 2,
GFRPpp is 5, CGFRPegp is 3, CGFRPpp is 4, FGFRPegp is 7, SGFRPgp is 6 and Plastic is 8. The ranking order is
“CFRPgp> GFRPgp> CGFRPgp> CGFRPpp> GFRPpp> SGFRPgp> FGFRPgp> Plastic > Wood > Aluminium”.In
this paper, the GRA analysis shows that “Epoxy-based Carbon Fiber Reinforced Plastic” is observed as an
evolving best-compromised material for small wind turbine blades.

4. CONCLUSION

A key factor affecting the amount of energy harvested from wind farms is the blade configuration, which is
among the most prospective renewable energy resources. The variations in air pressure are what truly causes the
wind to blow. Around the world, there are differences in terrain, aquatic systems, and flora, which have an
impact on "the speed and patterns of wind flow".Windmills are now used to produce energy. A propeller is
moved by the potential energy of the air, which rotates an engine's rotor and produces electrical generation”.
The geometry and flow Reynolds number of wind turbines" are connected to their aerodynamics. The
horizontal-axis wind turbine is the one that is most frequently utilised in commercial applications. The rated
produced power is used to categorise wind turbines. Since the chosen material must satisfy several requirements,
choosing the right material for an "SWT blade" is a difficult undertaking. The use of proper "multi-criteria
decision-making approaches" and a thorough examination are required for the selection of relevant materials
among numerous alternatives.This study applies an approach that is based on "the Grey Relational Analysis
(GRA) method" to assist in choosing the best materials for small wind turbine blades from all available
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options.In this paper, the GRA analysis shows that “Epoxy-based Carbon Fiber Reinforced Plastic” is observed
as the best-compromised material for small wind turbine blades.
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