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Abstract 

The conservation of natural resources, reducing the usage of energy and weight reduction has 

become the main aim of the automobile industries nowadays. This can be done by the application of 

newly developed polymer composite materials with very low density. So these Industries invested in 

Research and development for replacing conventional high weight steel material with alternate 

materials. So the objective is to fabricate Epoxy resin based Kevlar-Jute hybrid composites and to 

determine the properties of these composites. Composites are prepared using hand layup method and 

compression molding. Polycarbonate fibre reinforced materials are compared with Kevlar and jute 

reinforced composite materials with different stacking sequence and weight fraction using Finite 

element analysis in Ansys software.  The analysis results showed that the developed composite 

material properties improved by the reinforcement of Kevlar and jute fibers in the resulting hybrid 

composites. Results indicate that increase in the percentage of Kevlar reinforcement lowers the 

percentage of epoxy, which leads to cost reduction in the developed composites. 
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1. Introduction 

 The reinforcement of natural fibers like Kevlar and jute into the Epoxy matrix expected to 

produce materials with better mechanical properties along with other benefits compared to existing 

materials in automobile bumper applications.Danuta Matykiewicz et al.analysed the thermo 

mechanical and mechanical behavior of hybrid composites reinforced with carbon ,glass, and  powder 

filler with basalt fabric. Epoxy composites with Fiber-reinforcement are used in industries as they 

posses favorable properties of thermal resistance, strength, chemical resistance and low specific 

gravity. They identified that epoxy matrix modified with reinforcing fibers increases adhesion 

between the layers causes property improvement.[1] 

          Haroon Mahmood et al.studied  the effect of Cyclic olefin copolymer  particles blended in an 

epoxy matrix reinforced with unidirectional carbon fibers  by hand lay-up method. By adding COC 

particles phase separation takes place and the properties such as inter-laminar shear strength and 

flexural modulus are decreased with increase of COC particles. They also identified that 

reinforcement of COC particles by 30 weight percentage showed maximum healing efficiency. [2] 
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           R.Bhanupratap et al.investigated the effect of Kevlar and jute fibers on thermal behavior using 

dynamic mechanical analysis. The Kevlar fiber is reinforced at different levels for the different jute 

overlays. Hand lay up method is used for fabrication and the analysis results shows increasing glass 

transition temperature.[3] Suhad D.Salman et al. fabricated various fibers jute, carbon and their 

hybrids reinforced composites and tested. It was identified that fatigue life of composites reinforced 

with hybrid fibres increases if the content of carbon is more compared to the jute fibre. Carbon 

reinforced composites posses higher fatigue resistance whereas  jute reinforced composites  possessed 

high strain. They concluded that high cost carbon fibres can be replaced with jute fibres which can 

produce eco-friendly materials used in industrial applications.[4]  

         Abhin Tribikram Tripathy  et al. prepared biocomposites using polyester matrix with sisal, jute, 

areca,coconut and banana fibre reinforcement by hand lay-up process. They prepared epoxy resin 

based biocomposite with jute and bamboo fibers as reinforcement and identified that the prepared 

composite is suitable for different applications. They concluded that the reinforcement fiber volume 

fraction plays a major role in the values of mechanical properties in these composites.[5] 

       Jafrey Daniel et al. investigated composites reinforced with bamboo and jute fibers in the Epoxy 

matrix using hand layup method. The jute/bamboo fibres with various stacking sequences fabricated 

and tested. The test results indicated that composites containing fibers such as jute at the inner layer 

and bamboo at the outer layer posseses improved properties as they makes good bonding between 

epoxy and reinforced fibers.[6]  

         Sunil Manohar Maharana et al.investigated the morphology and properties of hybrid composites 

of Epoxy with Kevlar and jute as reinforcement using hand lay-up method. They used 20 percentage 

of Kevlar but the percentage of jute fibre reinforcement was varied. Both the tensile and flexural  

strength were maximum at 40% fiber reinforcement but with 30°  and 45°orientation 

respectively.They also identified that if the fiber content is greater than 40% void content increases 

and the dependence of  Fiber cracking and pull out on fracture morphology of these composites.[7] 

        Aakash Ali et al. studied the advantages of Natural fibers such as product cost reduction, weight 

reduction and improved renewability. They identified that improvement in the performance and 

Functionality of natural fibers can be achieved by using these fibres along with synthetic fibers. The 

jute fiber which is available at low cost produces high strength and modulus. They concluded that if 

the percentage of jute fibre increases then the flexural strength decreases. They observed that the 

flexural behavior by simulation deviates more than 10 % from the experimental values. The waviness 

of fiber and the heterogeneous property distribution is the cause for this deviation. The impact test 

results shows that if the jute percentage increases damage area also increases.[8] 

       Raj Kumar  et al.investigated  crash of Bumper in various materials using ANSYS Workbench. 

The impact analysis on bumper with Steel and Composite material with Glass fiber reinforcement 

was carried out using a constant velocity boundary conditions of 13.3 m/s. The numerical simulation 
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is carried out using CATIA and ANSYS Workbench. They concluded that Glass fiber composite can 

be used as a bumper material with 64 % of factor of safety is increased and with 80% cost saving. [9] 

      Bhanupratap et al.aimed at developing the hybrid composites with high modulus to density ratio. 

These materials produce the maximum output with minimum consumption leading to better life in 

different industrial applications. They observed that if number of layers of kevlar to the jute fibres 

there is increase of tensile strength and modulus.[10] 

      Dr. R. Ramachandra analysed bumper using Ansys with glass fibre reinforced thermoplastic 

materials as it posses less weight. The bumper absorps the transferred energy as distortion of the 

bumper or to the spring elements in the opposite direction. It is identified that as the residual kinetic 

energy in the bumper is damped with the small versatile distortion of the bumper components, the 

passengers will not feel discomfort. [11] V.Siva Kumar  et al.have carried out impact analysis on Car 

Bumper with different materials with criteria for minimum stress and maximum safety. The modeling 

and analysis was done using NX8.5 and ANSYS 14.5 with loads of 1000N and 2000N   on different 

materials such as Titanium Alloy, Stainless steel , Steel, Thermoplastic olefin and Polypropylene 

.Since polymer materials are preferred nowadays because of their advantages ,the authors concluded 

from their results that Thermoplastic olefin is the better material than Polypropylene for automobile 

applications.[12] 

       From the literature it is clear that the combination of Kevlar and jute fibers for bumper 

applications is not evaluated and this work focus on analyzing the possibility and advantages of 

replacing synthetic fibrous composites by Kevlar and jute natural fibers. 

 

2. Materials and Methods 

 Kevlar fiber is a natural fibre shown in figure 1 is extracted from the coconut husk found 

between the internal shell and the coconut outer coat. This is used in doormats, mattresses, floor mats 

and brushes. Another vegetable fiber shown in figure 2 is the jute fibre is important because of its 

versatility next to cotton. These fibers are woven into chair coverings, curtains, , carpets, hessian 

cloth and area rugs. These natural fibers are used as reinforcement in the Epoxy matrix to produce 

alternate materials for automobile bumper applications. The properties of these fibers are given in 

table 1. 

          Figure 1.Kevlar Fibre   Figure 2.Jute Fibre 
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  A mild steel mould die was prepared with dimensions of 300mmx25mmx10mm. Hand 

layup method is chosen for fabrication of these composites as it is simple and economical. In this 

method, first a thin lamination sheet is placed as a base. After applying Epoxy resin is on the sheet, 

mould box is set and all surfaces are covered with lamination sheet for the purpose of producing good 

surface finish for the specimen. The fiber and resin are mixed as per the required ratio shown in table 

2 and poured into the mould box .Then another thin lamination sheet is placed over the top layer of 

the mould box and weights are applied on the top to reduce the thickness to the desired level. The 

specimen is placed in the furnace at 60°C for 10 to 15 minutes. Heating in the furnace remove the 

blow holes or avoids the blow holes by providing uniform flow ability to improve bonding between 

the resin and other constituent materials in the composites. This improvement in bond strength leads 

to improved stiffness and strength of the developed composites. Then the specimen is removed from 

the mould cavity and cured for 3 to 4 hours in the atmosphere.   Again the specimen was put in the 

same mould cavity. The force is applied gradually compress the Specimen and maintained up to 8 

hours. Finally the specimen is removed and samples are prepared as per ASTM standards for testing. 

Finite element modeling is done using the dimensions shown in Figure 3 and the bumper 3D model 

developed in CATIA is shown in Figure 4. 

 Table 1. Mechanical Properties of Constituents of developed Composite material 

 

S. 

No. 

 

 

Materials 

Mechanical properties 

Density 
Tensile 

strength 

Young’s 

Modulus 

g/cm3 MPa GPa 

1 
Epoxy 

resin(E) 
1.33 54.5 3.6 

2 
Kevlar fibre 

(K) 
1.45 3620 70.5 

3 Jute fibre (J) 1.5 398.78 33 

 

The different stacking sequence shown in table 2 of the Kevlar and jute fibers is analyzed and the 

property variation of the developed composites with fibre reinforcement is studied. 
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Table 2.Stacking sequence of the Fibers 

 

Symbol 

 

Stacking Sequence 

 

Thickness 

(mm) K15J8 5 J=J=K=J=J 7.2 

K33J6 7 K=J=K=J=K 4.7 

K75J2 5 K=K=J=K=K 3.5 

 

The weight fraction of different constituents of the composites, used for the fabrication and Finite 

element analysis are given in the table 3. 

Table 3.Weight Fraction Of the developed Composites 

 

Comp. 
Weight in 

Weight of 
Total 

J K E 

WJ WK WE WJ+WK+W 

K15J85 
% 33 6% 61 100% 

Grams 108 20 199 327 

K33J67 
% 38 19 43 100% 

Grams 81 40 91 212 

K75J25 
% 18 53 29 100% 

Grams 27 80 44 151 

 

 

 

 

 

 

Figure 3.2D Model of Bumper with Dimensions 

 

 

Figure 4. 3D Model of Bumper                                           Figure 5.  Fabrication of Composite 

    material 
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3. Results and Discussion 

 The Finite element analysis performed in the Ansys software utilizes the properties of the 

constituent materials shown in Table2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.Total deformation of Polycarbonate reinforced composites 

 

Figure 7. Results of Equivalent strain in Polycarbonate reinforced composites
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Figure 8. Results of Von-mises stress in Polycarbonate reinforced composites 

 

 

Figure 9. Results of Von-mises stress in Kevlar/Jute reinforced composites 
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Figure 10.Equivalent elastic strain of Kevlar/Jute reinforced composites 

 

 

 

Figure 11.Total deformation of Kevlar/Jute reinforced composites 
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Table 4.Analysis results of polycarbonate and hybrid fibre composites 

Material Stress results 

(Maximum Value) in 

MPa 

Strain results 

(Maximum Value) in  

MPa 

Deformation results 

(Maximum Value) in 

mm 

Polycarbonate fibre 45.506 0.01918 7.4096 

Kevlar/Jute 

Composite fibre 
7.334 0.00188 0.3236 

 

 From the comparison of results shown in table 4, it is observed that the Kevlar/jute 

composite fibre reinforcement produces low stress, strain and deformation than polycarbonate 

fibre reinforcement. Also it has been identified that 5mm thickness composite has higher strength 

than 8mm thick composite material. If the weight fraction of Jute and Kevlar fibre are same 

relative to each other, then the tensile properties are not affected by the layering sequence. If the 

ratio of Kevlar fibre to jute increases then the strength increases and the weight of the composites 

decreases. If the percentage of Kevlar is increased then the epoxy percentage is lowered which 

leads to reduction in the cost of developed composite materials. 

 

4. Conclusion 

 The hybrid composites prepared by hand layup method with Epoxy as base resin and 

Kevlar, Jute fibres as reinforcement are analyzed using Ansys software to study its structural 

behavior. The results of these natural fiber reinforced composite material is compared with the 

results of polycarbonate fibers that are used at present in bumpers. The conclusions derived from 

the analysis results are given below. 

           Reinforcement of Kevlar and jute fibers in the composites improves the mechanical 

properties of the newly developed hybrid composites. Stacking sequence of fibre layers produces 

significant effect on the strength of the developed composites. Hence the composites reinforced 

with natural fibers can be successfully used for the automobile bumper applications.  
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