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ABSTRACT

The wind turbine is a device that converts kinetiergy from the wind, into electrical power. Amaalfthe parts
of a wind turbine such as blades, hub, gear baselleg and tower; nacelle and wind turbine bladesgenerally made up
of glass fibers and carbon fibers, for better gitlenlow weight, and corrosion resistance. The nfiaiitations of these
materials are the availability, non biodegradatilealth hazardous and their fabrication cost. Hetlve,aim of this

research is to replace these materials with nafies.

In this research work, application of natural fibeginforced polymer composites in wind turbinejuieements to
the composites, their properties, constituents,ufsturing technologies, and defects will be revadwpromising future
directions of their developments also will be dissrd.
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INTRODUCTION

A wide variety of sources, including coal, oil, &lnatural gas and nuclear materials, have beehtasgenerate
energy. The consumption of energy has increased t@uhe increasing population and civilization. the same time,
the ecological awareness has become the majorommv@mtal issue, in the global marketplace. In t&l@genario,
the major threat for the environment is the ecaalgimbalance, which is increasing due to the toxaste disposal.
This issue has led to the increased interest iewable and sustainable energy sources. The onlgecorfor the
sustainable development is minimum pollution anduotion in energy consumption [2]. The increasintggriest in the
direction of using renewable energy, has led todineelopment of wind energy concept. The wind enéag prominent
renewable energy source and is a solution of thbajlenergy problem. Wind turbines or mills haverestablished to

convert the kinetic energy of the wind, into medbahor electrical energy [3].

The majority of wind turbines fundamentally consisf three rotor blades and rotates around a haazdub,
and convert the wind energy into the mechanicat@néhe development of wind turbines for the prctthn of power is
a promising area. The rotor blades are considesaxha of the key components of the wind turbine THle wind turbine
efficiency majorly depends on the aerodynamic stapklength of blade, the angle of the blades, elkas the materials
used to manufacture the blades. Moreover, the wimbdines generate power, according to the speethefwind,
but not according to the demand. The fundamentarmm for the selection of materials, for the @iturbine blades is

that, the material must possess high strength ayidstiffness, low density and good fatigue strendte strength of the
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blade must be satisfied so that, the blade canrstaitiadl the load acting on it without fracture anff shough so that, it
cannot strike the tower during extreme loading @mus. The high fatigue strength of the blade nsetimat, it can with
stand time-varying loads throughout its intendediqoe of life. The wind turbine industries are foous on the
development of lightweight, cost-effective and eammental friendly materials, for the productiormahd turbine blades.
The selection of suitable blade materials playsgortant role, which determines the ultimate edficy of wind turbine
blade.

Wind Turbine

Vertical axis wind turbines (VAWTS) has both adwagds and disadvantages, but generally they havbesut
commercially successful than the horizontal axisdiurbines (HAWTS). This is largely due to theueeld performance
and dependability of most VAWTs. However, there aractical applications for VAWTs and new reseaand

technology is improving their performance [4, 5].

Horizontal Axis Wind Turbines (HAWTS), on the otheand, are very advanced, reliable, and economigalbd.
They come in many sizes and shapes, but they ladlessdendents of the old windmills, used to gringirgor pump water.
Today these machines are proving: as they are tisedghout the world, producing clean, reasonadnhe, sustainable

electricity. Modern horizontal axis wind turbinesguce electricity which is70-85%, whenever thednismiover 7-8 mph.

Wind turbines are classified by their size, or 'aap” (how much electricity they can produce).
They can be small (< 100 kW), intermediate (100-8@0), or large (500 kW - 5 MW). Small wind turbinase used for
homes, farms, and remote sites, where electrisibyard to come by. They can be connected to thutrielgrid, but often
they are just connected to a battery bank insteéekmediate wind turbines are often used for sthooin hybrid systems
with diesel generators that are used to powerimgote towns and villages. Large wind turbines aredu® produce
electricity, which goes to the electric grid andritwe can use this electricity in our homes, schaoid businesses places
[4, 5].

DEVELOPMENT OF WIND ENERGY IN INDIA

The wind energy installation is mainly concentrabedlramil Nadu, Karnataka, Gujarat, MaharashtradMea
Pradesh, Andhra Pradesh, and Rajasthan. Tamil Naslalways been the leader among Indian statée imstallation of
wind energy. It has installed a capacity of 7,27WMind energy, which is 35% of India’s total windexgy installation.
Maharashtra is closely following Tamil Nadu wittD€@9 MW of installed wind energy. Gujarat, Rajastlaa Karnataka
contribute in increasing the share of wind energindia. All these states have installed more @@®0 MW wind energy.
Wind energy has contributed more than 19,500 MWthétotal installation. This is the reason, now gfovernment has

increased the target of annual capacity,, up t@®280/.
Small Wind Turbine

Smaller scale turbines for residential use arelalvi@. They are approximately 7 to 25 feet (2.1+7)6in

diameter and produce electricity at a rate of 00,000 watts, at their tested wind speed [31, 33]
Small Wind Turbine Technology Opportunities in India

There is a need to invent a long-term vision of theian industry, to produce small wind turbinesttlare

accepted for common household appliances, in thee ssay that Invertors and air-conditioning systears being used
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today. By virtue of their compelling economics,dbenew turbines are achieving high market potergiecially in the

areas with lower housing densities and sufficieintdwesources.

We all need to realize that, large wind turbines mow in their seventh or eighth generation of medbgy
development, while small wind turbines are yet &velop commercially in India. Achieving these goaldl require
continuous advances in small wind turbine technglogrogressive improvements in small turbine mactufidang,

and efficient installation techniques.

For its part, the Indian industry should try harf@ran innovative and simple design, so as tocedhe cost of
the electricity generated by small wind turbines, domparison with foreign small wind turbine supmi [9].
Globally, the installation cost of a typical 1 te&k®/ residential wind turbines is about Rs. 1.5 kk$3,500) per kilowatt
(smaller systems being relatively more expensiVegse turbines produce about 1,200 kWh per yeareTisea need to
bring down the installation cost to somewhere betwlRes.50, 000 — Rs.75, 000 ($1,200 to $1,800 peawéit) with raised
energy productivity level, to 1,800 kWh per ingtdllkilowatt. If these goals are met, the 30-ydardicle cost of energy
will be in the range of Rs. 2/ kwWh ($0.04 to $0K8h), which is lower than, virtually all-resideritielectricity tariffs in
the country today [10].

The engineering challenges presented by the itddece disciplines of aerodynamics, structures,
controls, electrical conversion, electronics, andgrasion prevention are formidable. Thus, thera iseed for adequate

research cooperation between the private and pséditors, to develop the small wind turbine techgglindigenously.

To support industry in addressing technology besrilour models of Private and Public sector caltation are
proposed [11, 12].

* Research conducted at national laboratories su@+\A&T, Chennai and universities with input frommieers

of the industry.

» Applied research projects conducted at the faeditbf a small wind turbine companies with suppootif the

government through competitive procurement [19, 28]
» Applied research projects involving companies, arsities, and national laboratories.
e Privately funded research and development [25, 27].

The opportunities, which are likely to be presentadimproved technology, can be achieved through th
cooperative activities discussed in this roadmay, the small wind turbine industry. Work by indystmembers,
research institutes, state and local governments,MNES can help in the contribution of small wingbines, to the

electricity generation mix [14, 29].

Natural fibers are defined as, substances thabbtaned from plants, animals, minerals or fromIggical
processes, which are biodegradable over time [Ri¢y can be spun into filaments, threads or ropelscan be woven,
knitted, matted or bound. Since natural fibers @lptained from natural sources, they do not need fanyation or
reformation. The commercially important naturalefip are those cellulosic fibers, obtained from Heed hairs,
stems, and leaves of plants; protein fibers obthinem the hair, fur, or cocoons of animals and ¢hestalline mineral
asbestos [34, 35].
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METHOD OF FABRICATION

Multiaxial reinforcements are, fabrics made up afltiple plies of parallel fibers, each laying indifferent
orientation or axis - hence the term 'multi-axi@hese layers are typically stitched and bondedalis with a polyester

thread), to form a fabric. Many industries are gsinultiaxial reinforcement, to increase the propsrf37].

Usually hand Layup process has been used, forabechtion of Natural Fibers such as, Flax and IS28].
Figures below show that, multiaxial reinforced fbe fabrication of materials having different arsgléor each layer of

fibers enhance the mechanical properties of theposites [34].

Table 1: Details of Ply Construction 1

Layers | Angle | Fiber Specification | Ply Weight in Grams
Layer 1 0°/90°| Sisal 26.84
Layer 2 0°/90° | Flax 24.16
Layer 3 0°/90°| Sisal 26.84
Layer 4 0°/90° | Flax 24.16
Layer 5 0°/90°| Sisal 26.84

Figure 1: Ply Construction 1

Figure 1 consists of 40% of 5 layers of flax anshkfibres and remaining is epoxy. Table 1 showsatibn of

each fibre and its percentage in terms of weight.

Table 2: Details of Ply Construction 2

Layers Angle Fiber Specification | Ply Weight in Grams
Layer 1 0°/90° Sisal 26.84
Layer 2 +45°/-45°|  Flax 24.16
Layer 3 0°/90° Eglass 33.72
Layer 4 +45°/-45°|  Flax 24.16
Layer 5 0°/90° Sisal 26.84

Figure 2: Ply Construction 2

Figure 2 consists of 35% of 5 layers of flax andakiand 5% of E-glass fibres and remaining is epoxy
Table 2 shows direction of each fibre and its petage in terms of weight.
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EXPERIMENTATION
Tensile Test

For tensile test ASTM standard D3039 is selectdae Tost common specimen for ASTM D3039 has a

consistent rectangular cross segment, 25 mm (@idg and 250 mm (10inch) long and 3mm thicknes$.[15

Figure 3: Tensile Test Specimen

Figure 3 Tensile test specimen L= Length (250 mii} Width (25 mm); t = thickness (3 mm); P = LoadeTh
tensile test can be conducted on Universal Tedfiaghine. For testing the specimen, gauge lengttbeattetermined with
the help of Vernier Caliper. The specimen is fixsztween the upper cross head and middle cross dfetm: UTM.
After the crosshead has been fixed, proper randmading can be selected (0-300KN). As the loadeiases, deformation

increases uptill the specimen fails or fractures.
Bending Test

For bending test ASTM standard D790 is selecte@. Mbst common specimen for ASTM D790 has a comsiste

rectangular cross segment, 25 mm (1 in) wide asdmi (10inch) long and 3mm thickness [14, 18].

Figure 4: Bending Test Specimen

Figure 4 Bending test specimen L= Length (125 mWi} Width (25 mm); t = thickness (3 mm); P = Load.
The bending test measures the ductility of the r@se The cross sectional area of the specimerbeaneasured with the
help of a vernier caliper. The specimen will becplh over the supports as the loading comes exactlye center of the
specimen. The load will be applied very slowly,iuthte specimen fails.

Impact Test

The Charpy impact test, also known as the Charpyoi¢h test, is a standardized high strain rate wémsth
determines the amount of energy absorbed by a imatkiring fracture. This absorbed energy is a measf a given
material's toughness and acts as a tool to studpdeture-dependent ductile-brittle transition 79,11]. It is widely
applied in industry, since it is easy to preparé eanonduct and results can be obtained quickly drhgly. Impact Test
was carried out by using Charpy impact test mashifibe specimen size is 64mm X 12.7mm X 3mm.

csazilriles

Figure 5: Impact Test Specimen
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RESULT
Table 3: Result for Specimen 1 and 2
Properties Epoxy+Flax+Sisal (Specimen 1)| Epoxy+Eglass+Flax+Sisal (Specimen 2
Density (g/cc) 1.158 1.28
Impact Energy (kJ/m 22 51.5
Tensile strength(MPa) 39.22 56.9
Youngs modulus(GPa) 2.366 3.351
Flexural strength(MPa) 61.87 89.2
Flexural modulus(GPa) 3.48 5.57
100
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40
30 | M Epoxy+Flax+Sisal
20 - (Specimen 1)
10 - M Epoxy+Eglass+Flax+Sisal
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From the above results it is observed that therakfibre inforced polymer composites material prdjes can be

still improved with adding small amount of E-glagigse with it.
CONCLUSIONS

The generation of energy is very essential for hursarvival and social development, but the genamatf
energy without polluting the environment is thedagt challenge of the twenty-first century. Thiskgem can be solved
by utilizing sustainable energy sources. Wind epésghe greatest example of sustainable energsceoWind energy is
clean, environmentally friendly and inexhaustitalad can act as an alternative to fossil fuels. flndamental concept of
using sustainable energy lies in the fact thatait reduce greenhouse gases and pollution. ligstirat, wind power is the
fastest growing alternative energy system, butniaterials used for wind turbine components areemironmentally

attractive.

As the modern wind turbines are designed for aimastd life span of 20 years, a large structuredsde be
disposed into the environment in the future, afther end of the service life. The materials usedafimd turbines are still
non-biodegradable in nature. For this reason, istsrand engineers constantly focus on repladiegetxisting material
system of wind turbines, with bio-degradable materi Natural fiber reinforced composite form onetsiclass of
materials, which not only possess superior mechhmiooperties but are also bio-degradable in nathiural fiber
reinforced composites can be a potential candidettere they can replace the conventional mateystesis of the wind

industry. These materials can be introduced imthaufacturing of various sections of a wind turbine
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