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ABSTRACT 

 A Leaf spring is a simple form of spring commonly used for the suspension in wheeled vehicles. Weight 

reduction is the major problem faced by many automobile industries. Weight reduction can be achieved by 

designing new materials, sophisticated manufacturing processes. Due to increasing competition and innovation in 

recent decade’s automobile industries shown interest on replacing conventional steel leaf spring with fiber 

reinforced composite leaf spring which has advantages as higher strength to weight ratio, higher stiffness, high 

impact energy absorption and lesser stresses. Selection of constituents for the composites is based on the type of 

application, availability, strength required and cost of material. In this work an attempt is made to develop a natural 

and synthetic fiber reinforced hybrid composite material with optimum properties so that it can replace the existing 

synthetic fiber reinforced composite material and conventional steel in automobile leaf spring. Banana and E-glass 

woven fabrics are used as reinforcements and Epoxy resin LY556 and Hardener HY 951 is used as the matrix 

material. The CAD models of Leaf spring are prepared in CATIA V5 R20 and imported ANSYS 15.0 workbench 

where finite element analysis (FEA) is performed. This study gives a comparative analysis between steel (65Si7) 

leaf spring and Banana/E glass reinforced Epoxy leaf spring. The hybrid composite leaf spring is found to have up 

to 81% weight reduction, lesser cost, lesser stresses, higher strain energy. 
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INTRODUCTION 

 The suspension of leaf spring is one of the potential items for weight reduction in automobile as it accounts 

for ten to twenty percent of the unsprung weight. The introduction of composite materials has made it possible to 

reduce the weight of the leaf spring without any reduction on load carrying capacity and stiffness. Energy 

conservation is one of the most important objectives in any vehicle design and reduction of weight is one of the 

most effective measures for energy conservation as it reduces overall fuel consumption of the vehicle. Because of 

composite material’s high elastic strain energy storage capacity and high strength-to-weight ratio compared with 

those of steel. FRP springs also have excellent fatigue resistance and durability. But the weight reduction of the leaf 

spring is achieved not only by material replacement but also by design optimization. The leaf spring should absorb 

vertical vibrations, shocks and bump loads by means of spring deflection so that the potential energy is stored in the 

leaf spring as strain energy and then released slowly. The specific elastic strain energy is inversely proportional to 

the density and young’s modulus. The automobile industry has shown increased interest in the replacement of steel 

leaf spring with fiber glass composite leaf spring because FRP composites possess lower young’s modulus, lower 

density and lesser weight as compared to steel. Recently natural fibers have been receiving considerable attention 

as substitutes for synthetic fiber reinforcements such as glass in plastics due to their low cost, low density, 

acceptable specific strength, fairly good mechanical properties, eco-friendly and biodegradability characteristics.  

EXPERIMENTAL 

Materials: There are four types of materials employed in this study are Steel 65Si7 which is the most popular 

grade of spring steel being used in automobile leaf spring, E-Glass/Epoxy, E-Glass/Jute/Epoxy and Banana/E-

Glass/Epoxy steel (65Si7), Jute/E-Glass/Epoxy properties E-Glass/Epoxy are shown in Table 2.1. In this research 

work Banana fiber is introduced in E-Glass/Epoxy to develop a hybrid composite material which can reduce the 

weight as well as cost of leaf spring.  

Preparation of Composite specimens: Hybrid composite specimens of woven E-Glass and Banana fiber with 

epoxy resin made by using Hand Lay-up technique. A mild steel mold of dimension 290x290x3 mm is used for the 

fabrication of composite specimen. The mold is coated with wax for the easy removal of the sample. At first the 

glass fiber and banana fiber fabrics of required size are cut so that they can be deposited on the template layer by 

layer during fabrication. Epoxy LY556 resin of density 1.15-1.20 g/cm3, used as a matrix and mixed with hardener 

HY951 of density 0.97-0.99 g/cm3, the solution was mixed with 10:1 by weight percentage. Two OHP sheets are 
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used at the top and bottom of the mold to give smooth surface finish. Brush and roller are used to impregnate fiber 

fabrics and also to avoid air entrapped. Fiber fabrics are placed one over another with resin layer in between in the 

mold upto the required thickness of specimen. Brush and roller are used to impregnate fiber mats and also to avoid 

air entrapped. The fiber weight fraction is maintained at 40%. Now the mold is placed in the compression molding 

machine. Approximately 70 kgf pressure is applied on the mold and it is allowed to cure at room temperature for 24 

hours.  

CAD Modeling: CAD model designs with conventional and composite materials of mono leaf spring are created in 

CATIA V5 R20 which contains special tools in generating typical surfaces, which are later converted into solid 

models. For modeling the mono leaf spring, the dimensions of a leaf spring of a TATA ACE vehicle chosen. Table 

3.1 shows design specifications of leaf spring 

Table.1.Properties of Raw materials 

  Material 
Young’s Modulus 

(N/mm2) 

Poisson’s Ratio 

(No Unit) 
Density Kg/m3 

 Steel (65Si7) 2.1*105  0.3 7860  

Jute/E-Glass/Epoxy 1.7*105 0.27 1460 

E-Glass/Epoxy 1.9*105  0.28 2600  

Banana/E-Glass/Epoxy 1.7*105 0.27 1420 

 

Table.2.Design specifications of mono leaf spring 

Parameter Length in mm 

Length of leaf spring from Eye to Eye 1000 

Width at both end 45 

Width at center 45 

Thickness at End both 10 

Thickness at Center 30 

Eye Dia. closed 50 

Arc Height At Axle Seat 120 

 

Finite Element Analysis using    ANSYS: 

Meshing: Meshing is the process in which the object is discretized into very small parts known as elements. It is 

also known as piecewise approximation. Here the model of leaf spring is meshed with an element size of 10mm 

brick mesh.  

 

 
  

Fig.1.CAD Model Fig.2.Meshed Model Fig.3.Boundary and Loading conditions 

 

Boundary conditions: The front end is constrained in all DOF and the rear end is constrained only in Y and Z 

direction, in X direction translational motion is allowed. Loading conditions involve applying a force on the center 

of leaf spring in vertically upward direction on bottom of leaf spring. The range of loading is from 1000N to 5000 

N.  

FEA Results: Structural analysis results which includes Stress (Von-mises), Deformation and Strain Energy of 

steel (65Si7), E–Glass/Epoxy, E-Glass/Jute/Epoxy, E-Glass/Banana/Epoxy for the maximum load of 5000 N. 
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Stress Deformation Strain Energy 

Fig.4.Results produced on Steel 

 

    

 

   

Stress Deformation Strain Energy 

Fig.5.Results produced on E-Glass/Epoxy 

           

        
Stress Deformation Strain Energy 

Fig.6.Results produced on Jute/ E-Glass/Epoxy 

 

             
Stress Deformation Strain Energy 

Fig.7.Results produced on Banana/ E-Glass/Epoxy 

RESULTS AND DISCUSSIONS 

Comparison of Analysis Results: The table 5.1 depicts the overview of analysis results of conventional steel 

(65Si7) (A), E- Glass/Epoxy (B), E- Glass/Jute/Epoxy (C), E-Glass/Banana/Epoxy (D). By the comparison of 

results between steel, composite and hybrid composite leaf spring it  is found that on the application of 5000 N 

load, the maximum Von-Mises stress for steel leaf spring is 267.08 MPa which is  higher than the stresses induced 

in E-Glass/Epoxy composite, E-Glass/Jute/Epoxy and E-Glass/Banana/Epoxy based hybrid composite leaf spring. 

The figure 5 gives the graphical representation of stresses involved in conventional and composite leaf spring. The 

maximum value of strain energy stored for steel leaf spring is 40.522 mJ, for E-Glass/epoxy composite leaf spring 
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is 41.62 mJ and for hybrid E-Glass/Jute/Epoxy and E-Glass/Banana/Epoxy composite leaf spring is 44.12 mJ and 

50.47 mJ respectively. This shows that elastic strain energy storage capacity for hybrid E-Glass/Banana/Epoxy 

composite leaf spring is higher as compared to steel and composite leaf spring both. The maximum deformation 

produced on steel leaf springs lesser than E-Glass/Epoxy composite, E-Glass/Jute/Epoxy and E-

Glass/Banana/Epoxy based hybrid composite leaf spring. So, correspondingly stiffness produced on composite leaf 

spring less than steel which is negligible quantity only. But it can be avoided by modifying the design parameters 

of composite leaf spring alone. 

Table.3.Overview of FEA analysis results 

Load Stress (Mpa) Deformation (mm) Strain Energy (mJ) 

(N) A B C D A B C D A B C D 

1000 53.416 52.891 51.532 50.224 0.64 0.66 0.715 0.8 1.62 1.66 1.8 2.01 

2000 106.83 106.32 105.79 103.65 1.29 1.32 1.431 1.6009 6.48 6.659 7.2 8.07 

3000 160.25 159.74 158.69 157.08 1.94 1.98 2.147 2.401 14.58 14.983 16.20 18.17 

4000 213.66 213.17 211.58 210.51 2.58 2.65 2.863 3.201 25.93 26.637 28.81 32.30 

5000 267.08 266.59 264.48 263.41 3.23 3.31 3.543 4.002 40.522 41.62 44.12 50.47 

   
Fig.8.Stress Comparison Fig.9.Strain energy Comparison Fig.10.Weight Comparison 

 

 The conventional steel leaf spring weighs about 9.82 Kg whereas E-glass/Epoxy leaf spring weighs 2.635 

Kg, Jute/E-glass/Epoxy leaf spring weighs 1.95 Kg and E-Glass/Banana/Epoxy weighs 1.82 Kg. Thus the weight 

reduction of 73.16% is achieved while using E-glass/Epoxy composite leaf spring and further if we use hybrid 

composite leaf spring in place of steel leaf, weight reduction of 80.14% is achieved for Jute/E-glass/Epoxy 

composite leaf spring and 81.5% for E-Glass/Banana/Epoxy.  

CONCLUSION 

 This research work provides comparative analysis between conventional steel (65Si7), E-Glass/Epoxy 

composite, E-Glass/Jute/Epoxy and E-Glass/Banana/Epoxy based hybrid composite leaf spring. At various loading 

conditions, hybrid composite leaf spring is found to have lesser stresses and negligible higher deflection as 

compared to conventional steel leaf spring. E-glass/Banana/Epoxy hybrid composite has higher elastic strain 

energy storage capacity than steel, E-glass/Epoxy and E-glass/Jute/Epoxy composite because it has lower young’s 

modulus and lower density as compared to both. Hence hybrid composite leaf spring can absorb more energy 

which leads to good comfortable riding. Weight can be reduced by 81.5% if steel leaf spring is replaced by E-

glass/Banan/Epoxy hybrid composite leaf spring. Weight reduction reduces the fuel consumption of the vehicle. 
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