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Abstract: The approach attempts to find a suitable hybrid composite material for the wind 
turbine blade that combines a polymer matrix with a natural fibre matrix and uses more 
renewable resources as a matrix. One of the most abundant natural energy sources is wind 
power, which is harvested by erecting windmills in open spaces, typically distant from 
populated areas. Finding the best balance between cost and efficiency is the main challenge 
here. Using hybrid composite material blades in place of the antiquated wind turbine blades is 
one method to do this. This has balanced strength and stiffness as its key benefit. In order to 
ensure that the blades revolve in a specific direction, wind turbine blades are built in accordance 
with pre-made mathematical formulas. Utilising novel materials such as hybrid fibres 
transforms the way that production is done today and opens up new avenues for improvement, 
including reduced wear, lower environmental impact, and increased efficiency. In this work, 
specifics of such materials and their characteristics have been covered. 
Introduction: 
Science and technology are advancing at a rapid rate every single day. Renewable energy 
sources are on the rise, and composite materials and reinforcements are one of the fields that 
are advancing in this direction. Two or more distinct materials are squeezed together to create 
composite materials. 
The two major components of composites are the matrix and the reinforcement. The process's 
ultimate goal is to create a material that is more desirable or has hybrid features as compared 
to the base materials. Everyday items like concrete, mud bricks, and fiberglass in eyeglass 
frames are examples of composites. Typically, matrix is a homogeneous polymer substance. 
The matrix's function is to provide shape, toughness, and type, as well as to protect fibers from 
harm caused by structural stresses, harmful chemical reactions, and uneven stress distribution. 
In situations of compressive loading, the matrix also stabilizes the composite to prevent 
buckling .Depending on the kind of phase present, composite materials are further divided into 
a number of groups. Polymer matrix composites, metal matrix composites, carbon matrix 
composites, and ceramic matrix composites are the four different types of matrix materials. 
The fibers that make the reinforcement provide the composite material rigidity. Particle 
reinforced composite, fiber reinforced composite, and structural reinforced composite are the 
three categories of reinforcements. 
Buildings, bridges, race car bodies, and other structures are built using composite materials. 
By making modifications at the nanoscale level, composite structures are being improved even 
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further. These materials are referred to as hybrid composites. At the molecular level, hybrid 
composites are made up of two elements: an organic component and an inorganic component. 
Carbon aramid reinforced epoxy and glass reinforced epoxy composites are the most popular 
kind of hybrid composites. 
Energy is the ability to do tasks. Currently, the most common type of energy used worldwide 
is electricity. Since it comes from primary energy sources like wind, solar, thermal, etc., the 
electricity we use is categorized as a secondary energy source. There are various ways to use 
the natural resources that are at our disposal to produce power. 
The primary source is thermal energy, which is powered by fossil fuels like coal and natural 
gas. The urgent requirement is to switch from non-renewable to renewable energy sources. The 
best and most effective solution for the change is thought to be wind turbines. Windmills 
transform mechanical energy from wind. To turn wind energy into electricity, massive 
windmills are erected in wide-open places. With an average capacity of 2.5 to 3 MW, an 
onshore wind turbine may produce more than 6 million kWh annually, and this number will 
only increase. However, every system has advantages and disadvantages. Mechanical failure, 
excessive stress, creep development, and numerous other reasons all contribute to wind blade 
failure. Previous wind turbine blades were built of a single material and had a high failure rate 
and low lifespan. As a result, composite materials, a new class of materials, were tested in an 
effort to replace the existing turbine blades and were successful. 
As we read this paper, experiments are being done to enhance the composite material by adding 
more materials like natural fibers, aramid fibers, etc. to increase the properties of the composite 
material. Therefore, it appears that the application of advanced and hybrid composites in this 
field has a lot of potential. 
 
Materials currently used in wind turbine blade. 
Today's wind turbines all include blades, which are primarily built of composite materials. The 
matrix in the composites currently in use is often a thermosetting matrix (almost 80% of 
commercially utilized composites employ thermoset), which is based on polyester. Epoxy resin 
has now supplanted polyester resin in a number of applications. Although they offer an 
intriguing alternative to thermoset matrices, thermoplastic matrices are rarely used. Due to their 
adaptability and range of qualities, glass fibers and carbon fibers top the list of the 
reinforcements that are most frequently utilized. Glass fiber-reinforced plastics (GRP) are the 
composite material kinds that are most frequently employed in the wind turbine industry. GRP 
rules the market because it offers the necessary qualities at a reasonable price. In contrast to 
carbon fibers, which have lower damage tolerance, ultimate strain, and compressive properties, 
glass fibers are more frequently used. They are also significantly more expensive. The creation 
of these turbines is now being done using newer, better materials that have improved qualities. 
The report goes on to detail some of these materials and their features. 
 
 
Materials Used for sample preparation.  
The fiber serves as the primary component of hybrid composites. In order to accomplish this, 
we choose natural fibers such as bamboo, aloe vera, banana fibers, sisal, and bagasse (fibres 
from sugarcane).Each fiber is chosen in accordance with specific findings. For instance, 
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bamboo fibers have the potential to provide thermal insulation, allowing them to survive hot 
and humid environments, while sisal has the best mechanical and physical characteristics. The 
fibers that were used in this are listed below: 

 Bamboo fibres: Bamboo composite materials display an elastic behavior up to the ultimate 
failure point and do not yield like steel. In general, bamboo composite reinforcement displays 
low stiffness when compared with traditional construction materials. The thermal conductivity 
of untreated outer and inner bamboo was almost the same. This suggested that bamboo material 
has good thermal insulation.  

 Aloe Vera Fibre: This is a native plant of Africa, botanical name of Aloe vera is Aloe 
barbadensis miller called the lily of the desert. In the native language it is called as Katrazhai , 
in coastal areas of south India are major producer of aloe vera . It is a 90% water content plant. 
It has many medicinal values like increasing the collagen content of the skin to heel wound and 
acts as a necessary ingredient for many cosmetic products. Recently researchers started using 
aloe vera fiber as reinforcements in Fiber reinforced composites. This fiber usage and its 
mechanical strength characteristics are still in the research stage. 22 Department of 
Aeronautical Engineering, JCET  

 Banana fibres: Organic banana fibre is used to make various eco-papers like tissue, filters, 
and currency paper. Being natural, heat resistant, having good spinning ability and high tensile 
strength, it is used for making yarn, fabrics, and garments. It can be blended with other fibres. 
Eco-friendly bags are made from banana fibre. 

  Sisal fibres: Agave sisalana is the botanical name of sisal, in the native language it is called 
as Talai narilai, is the produce of Eastern countries. In India it is largly produced in states of 
Odisha and Maharashtra. Sisal fiber has outstanding durability and minimal maintenance and 
exhibits minimum wear and tear. It is a tough fiber.  

 Jute fibres: Jute is a long, soft, shiny bast fiber that can be spun into coarse, strong threads. It 
is produced from flowering plants in the genus Corchorus, which is in the mallow family 
Tiliaceae. The primary source of the fiber is Corchorus olitorius, but such fiber is considered 
inferior to that derived from Corchorus capsularis. "Jute" is the name of the plant or fiber used 
to make burlap, hessian, or gunny cloth. 

 

Preparation Of Laminates: 
The simplest and oldest open molding technique for creating composites is hand lay-up. Dry 
fibers in the form of woven, knitted, stitched, or bond fabrics are first manually inserted in the 
mold before the resin matrix is applied to the reinforcing material with a brush. The wet 
composite is then rolled using hand rollers to assist a consistent resin distribution, ensure an 
improved contact between the reinforcement and the matrix, and achieve the appropriate 
thickness. The laminates are then allowed to cure in typical air conditions. This procedure is 
typically broken down into four steps: preparing the mold, gel coating, lay-up, and maintaining 
the Integrity of the Specifications. 
 

Table 1: Arrangement Of Natural Fibres 
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S.No. 

 
SAMPLE

NAME 

 
LAYER 1 

 
LAYER 2 

 
LAYER 3 

 
LAYER 4 

 
LAYER 5 

1 SAMPLE A Glass Fibre Banana Fibre Glass Fibre Bamboo Fibre Glass Fibre 

2 SAMPLE B Glass Fibre Jute Fibre Glass Fibre Sisal Fibre Glass Fibre 

3 SAMPLE C Glass Fibre 
Aloe Vera 

Fibre 
Glass Fibre Banana Fibre Glass Fibre 

4 SAMPLE D Glass Fibre 
Bamboo 

Fibre 
Glass Fibre Jute Fibre Glass Fibre 

5 SAMPLE E Glass Fibre Sisal Fibre Glass Fibre 
AloeVera   

Fibre 
Glass Fibre 

 

 
Figure 1: Prepared samples 

 
Laboratory Testing: 
Mechanical characterization of designed laminates are carried out in one of the rapidly 
expanding test centre in South India ,Delta Inspection and Research Centre which is an ISO 
9001:2015 accredited organization.  Through persistent effort and dedication to quality, Delta 
Lab has attained a single position in the following areas: Chemical Analysis, Mechanical Tests, 
Building Materials Testing, Metal Ferrous and Non-Ferrous, Aluminium, Copper, Nickel, Lead 
& Zinc Base Alloys, Bitumen and its Products, Rubber & Polymer. The Delta lab is furnished 
with high-tech digital tools and instruments with low resolution. They are overseen by a group 
of knowledgeable experts who support the testing industry. 
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Table 2: Mechanical Characterisation 

SL 
NO: CHARACTERISTICS 

SAMPLE 
A 

SAMPLE 
B 

SAMPLE 
C 

SAMPLE 
D 

SAMPLE 
E 

1 
TENSILE 
STRENGTH (MPa) 192.586 231.602 165.39 181.379 213.507 

2 
FLEXURAL 
STRENGTH (MPa) 1865 2035 1265 1276 1365 

3 IMPACT VALUE (J) 7.5 8.3 6.5 7.0 6.7 

4 
BARCOL 
HARDNESS (BHU) 48 43 45 44 47 

5 
WATER 
ABSORPTION (%) 1.67 0 13.33 9 0.25 

 
From the above observation SAMPLE B shows superiority in all perspective of mechanical 
characteristics. So for the application for wind turbine manufacturing SAMPLE B can be 
considered depending on strength to weight ratio. 
 
 
 
 
 

Table 3:  Strength – Weight Ratio 

Sl No Material 
Tensile 

Strength 
(Mpa) 

Density 

(G/𝒄𝒎𝟑) 
Strength To 
Weight Ratio 

1 ALUMINIUM ALLOY 342.6 2.81 121.921 

2 GFRP 301.1 1.54 195.514 

3 STAINLESS STEEL 501.5 8.001 62.68 

4 SAMPLE B 268.4 1.774 151.294 

 
From this table it can be seen that the value of strength-weight ratio of Sample B is better than 
Stainless Steel and Aluminium Alloy. Considering the fact that our sample is a natural 
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composite it can be concluded that Sample B is a good option for replacing conventionally 
used materials especially Aluminium Alloy. 
A sophisticated procedure called hygrothermal analysis is used to assess how heat and moisture 
affect an engineering structure. The temperature, relative humidity, and moisture content of the 
materials used to build the structure are only a few of the variables that are considered in this 
research. 

 
Fig 1: Hygrothermal Analysis 

A total of 17.32mg of sample B was taken for the Thermogravimetric Analysis. From the graph, 
it is clear that at 250℃ there is a weight loss of 1.901% (0.328mg).On reaching a temperature 
of 374.79℃ the weight loss is 57.549% (9.917mg).On applying further temperature and 
reaching 750℃ there is a weight loss of another 6.978% (1.202mg). So till 750℃, a total of 
66.428% of Sample B was decomposed (11.492mg). By reaching a temperature range of 900℃ 
a residue of 33.571% (5.785mg) was found. Thus we can conclude that the sample used is very 
much temperature resistant and will only decompose at much higher temperatures. 
Conclusion: 
Wind energy appears to be a step in the right direction as environmentally friendly solutions 
become more and more necessary and the energy crisis becomes more and more obvious. 
Therefore, it is even more crucial for us to continue pushing the envelope in our industry. When 
assessing the efficiency and performance of this system, better materials should be used in the 
manufacturing of the wind turbines. Although the glass fiber composites already in use are 
functioning reasonably well, carbon, aramid, and basalt fibers provide far more encouraging 
outcomes. As the demand for sustainable materials increases, natural fibers are being used more 
frequently. However, hybrid composites win the prize since they bring the best of both worlds 
together. They most certainly represent the future. In this research different types of hybrids 
natural and glass fiber-reinforced polymeric composites are prepared. And their mechanical 
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strength, thermal capability, environmental stability, and failure morphology were studied 
using various experimental testing methods. 
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