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ABSTRACT 

Composite materials and their application to each part in the aviation sector are one of the key considerations due 

to the high strength-to-weight ratio, versatile nature, and non-corrosive quality, so that composite material is 

commonly used in low-weight construction and can also be considered as a suitable alternative to metals. The 

composite material has evaluated at static load, choosing similar conditions and load but adjusting the layer order. 

Ansys workbench ACP-pre is used to examine the material. As a result, multiple outcome deformations were 

observed. The result also shows that the composite 3 illustrations smallest deformation in the z-direction as well 

as a minimum total stain with a value of 14.265 and 0.1235, respectively.  
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INTRODUCTION 

Fibre-reinforced composites have been found to have wide applications in different industries, such as automotive, 

aerospace and defense, and are being replaced by traditional metallic structures due to many advantages such as 

longer fatigue life, greater strength to weight ratio, and better corrosion resistance [1]. Growing ecological 

awareness has encouraged long-term projects that are non-toxic to the human body and environmentally 

compatible. This will increase environmental awareness and make the world more environmentally friendly [2]. 

In some cases, when used in composites, natural fibers with special properties be stronger than synthetic fibers 

[3]. Natural composites of fiber-reinforced are cheap and because of their biodegradability characteristics can 

reduce environmental pollution [4]. However, the natural fiber contains lignocellulose which strengthens matrix 

bonding. The characteristics of natural fiber have shown a lightweight, availability, regenerative, non-abrasive, 

less density of the furnished goods, absorb CO2 during growth, less wear in the equipment, and need less energy 

for processing [5][7]. These properties make the composite of natural fiber reinforced a great option between the 

fiber groups. The different natural fibres, bananas, jute fibers, and cactus[8] are cheap, extensively available, and 

easy to extract. 

Several natural fiber research such as Dixit and Padhee [9] investigated the construction of a composite specimen 

using five different forms of fibres. Such common fibers are natural fibers (banana, jute, cactus) and synthetic 

fibers (carbon glass). As a result, they conducted a FEM analysis of these samples by combining these fibers. The 

setups are selected by combination and permutation. Multiple types of finite element methods analysis are 

performed on the Mechanical APDL ANSYS after the design of the specimen, by applying a point load to the 

specimen. In the existing analysis, under the same loading conditions, hybrid composites were tested, and their 

deflective effects were compared. It could be a step towards making hybrid composites sustainable. And for the 

production of a high-resistance material, a very nice composite quality could be constructed. Wambua et al. [10] 

studied natural fibers (sisal, kenaf, hemp, jute, and coir) reinforced polypropylene composites were made using a 

film stacking method by compression molding. The mechanical properties of the various composites of natural 

fibre have been checked and compared. Additional similarities with the corresponding properties of glass-

reinforced open-literature polypropylene composites have been developed., sisal, Kenaf, and hemp composites 
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presented similar modulus efficiency and tensile strength. However, the influence characteristics of hemp tend to 

have to outperform kenaf. The impact strength, tensile modulus, and ultimate tensile stress of polypropylene 

composites strengthened by kenaf have been shown to increase with an improvement in the fiber weight fraction. 

Coir fiber composites had the lowest mechanical properties but their impact strength is higher than that of 

composites made from kenaf and jute. The basic characteristics of natural fiber composites were found, in most 

cases, to be favorable compared to those of glass.  

Rao et al. [11] studied the tensile, dielectric, and flexural characterstics of composites generated by integrating 

vakka into a polyester resin matrix as a new natural fiber. The fibers which were obtained through manual 

processes and retting were used to create the fiber composites. Compared to existing composites such as bamboo, 

sisal, and banana developed at ambient characterstecs, these composites are verified for tensile, flexural, and 

dielectric characteristics. Composites are produced at a cumulative fiber fraction volume of 0.37 for tensile testing 

and 0.39 for flexural and dielectric testing. It was detected that the tensile characteristics for vakka composite 

fiber increase concerning the volume fraction and are more than banana, and sisal composites and are comparable 

with those of bamboo composites. The flexural strength of the vakka fiber composite is greater than the banana 

composite and is similar to the sisal fiber composite in terms of the volume fraction of the fibre, where the flexural 

modulus is much closer to the bamboo fiber composites and much higher than that of the banana and sisal fiber 

composites. The dielectric strength of vakka composite fiber increases as the volume fraction of the composite 

fiber increase compared with banana sisal, and bamboo, fiber composites. The dielectric strength is a special 

attribute of vakka fiber composite that can be proposed for applications with electrical padding. 

This paper covers four virous kinds of organic fibers that were used to create composites. The structural studies 

are conducted at Ansys' ACP-pre Workbench. Composites were made by altering their orders for them, but also 

retaining the same requirements and loads common to composites. The findings of this study will lead to the 

manufacture of composites of higher strength, using similar fibers as the particular products. This method of study 

is very useful in deciding how a composite can be produced by selecting the correct model for the design of the 

material. Composite paper is composed of banana, jute, pineapple, sisal, layered in five ways. 

NUMERICAL SOLUTION  

Physical model  

The specimen had been designed to test Ansys ACP-pre 's mechanical properties. The specimen scale is measured 

as follows: specimen width is 20 mm and specimen length is 200 mm. Diverse material properties have been 

extracted from the literature available [12]. This sample is removed from its left to right end and was open to 0º 

degrees. The laminate thickness was 0.25 mm, and a total of 4 layers. And the total specimen thickness is 1 mm. 

The spacers are expressed in Figure 1. After applying all these conditions, the composite direction (-y) is applied 

with a force of 1000 N. Figure 2 shows the composite fixed end and the force direction. This composite is limited 

in all directions to 0 DOF. 

 

Figure 1. Spacemen after refinement mesh. 
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Figure 2. Fixed support and force direction. 

Finite element modeling  

Due to the unique actions, such as low cost, consistent performance, and quick operation, of the numerical 

simulation technologies, they play an integral role in engineering research. The application of advanced computer 

simulation techniques is emerging rapidly today due to its flexibility [13-15]. The ANSYS ACP Workbench 19, 

a sophisticated and special process for handling composite material, also uses the numerical simulation here. 

ANSYS ACP 19 has in a good manner the facility to develop strengthening and its various orientations [16]. The 

method of assigning orthotropic properties to the reinforcement was applied to ANSYS ACP 19. Eventually, the 

development of laminate is designed to be more user-friendly with the addition of a matrice. The aforementioned 

facility must ensure the reliability of the composite analysis tests that are also intended to avoid an experimental 

method. The initial design of this case's test sample is performed using the ANSYS Design Modeler 19, and the 

process of discretization of the tensile test sample is done using the Ansys Mesh tool. Instead of a laminate 

analysis, a composite numerical analysis requires an internal structural analysis of matrices and fibers, which is 

done here with the help of Ansys ACP 19. Table 1 displays the properties of the fibers. 

Table 1: Natural fibre properties  

Properties Sisal Pineapple Jute Banana 

Exx (GPa) 604 1020 486.5 641.5 

Vxy 0.325 0.37 0.38 0.28 

Density (kg/m3) 1450 1440 1300 1350 

RESULTS AND DISCUSSION 

Subsequently the successful completion of the discretization process, the FEM was transferred to ACP Ansys 

where vital steps are completed, for instance, fiber formation, component assignment, rosette generation, oriented 

set-up initialization, fold grouping and solid model development. Fabric primarily deals with strengthening and 

classifying its mechanical characteristics. Rosette affords fiber guidance and cantered setup. The step helps to 

point the laminate in direction. With the assistance of the modeling classes, the angle and thickness of the 

individual folds were achieved. Ultimately, the solid model will join the allocated fibers in the matrix to properly 

create the laminate. FEM is prepared for a solution using Ansys the static structural analysis tool. The static 

structural framework formed the basis for the completion of the support process's external charge operation 

process [17]. The test sample is called a cantilever chain, such that at one end 1000 N tensile load is set and at the 

other end 1000 N tensile load is applied. In a static structural system, where strain energy, directional deformation, 

and total deformation were plotted and indicated, post-processing is finished as well. For a better understanding 

of the composite existence of these fibers, numerical numbers such as Pineapple as 4, Sisal as 3, Jute as 2, and 

Banana as 1 are called. The composite order is shown in Table 2. 
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Table 2. Composite order 

Composite no. Layup order 

Composite 1 1-2-3-4 

Composite 2 1-2-4-3 

Composite 3 4-3-2-1 

Composite 4 3-2-4-1 

Test specimens of lateral deformities such as Z, Y, X (banana-jute-sisal-pineapple) are shown in figures 3-6, 

respectively. Figure 7 displays the cumulative energy of the strain that was subjected to a tensile load within the 

test specimen. 

Table 3 shows that composite 1 has a minimum x-directional deformation, composite 2 has a minimum y-

directional deformation, composite 3 has a minimum z-directional deformation and composite 1 has a minimum 

total deformation. Composite 1 also has a higher total value of the energy. 

Table 3. Deformation due to loud 

No. x y z Total 

deformation 

Total 

strain 

Composite 1 -21.526 -0.1050 20.369 -1.265 0.1264 

Composite 2 -21.021 -0.5234 20.125 1.254 0.2554 

Composite 3 -14.254 -0.1250 14.265 -0.962 0.1235 

Composite 4 -14.525 -0.1456 14.324 -0.856 0.1225 

 

 

Figure 3. X-directional deformation 

 

Figure 4. Y-directional deformation 
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Figure 5. Z-directional deformation 

 

Figure 6. Total deformation 

 

Figure 7. Total strain 

CONCLUSION  

The present article presents a finite element simulation by using Ansys workbench ACP-pre.  Four different 

natural material and composite orde have been investigated. The results above show that the composite 3 shows 

both the lowest deformation in the z direction and the minimum total stain. Since composite 3 (Pineapple-Sisal-

Jute-banana) has a minimum deformation, a composite made entirely of several natural fibers can be designed 

using it. Despite their respective percentage of cellulose, organic fibers differ in strength characteristics. 

Composite 1 (banana-jute-sisal-pineapple) was observed with maximum deformation in the z-direction, and the 

maximum strain was found in composite 2.  
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