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ABSTRACT 

Reducing weight while increasing or maintaining strength of products is getting to be highly important 

research issue in this modern world. Composite materials are one of the material families which are attracting 

researchers and being solutions of such issue. In this work reducing weight of vehicles and increasing or maintaining 

the strength of their spare parts is considered. As leaf spring contributes considerable amount of weight to the vehicle 

and needs to be strong enough, a single E-glass/Epoxy leaf spring is designed and simulated following the design rules 

of the composite materials considering static loading only. The constant cross section design of leaf springs is 

employed to take advantages of ease of design analysis and its manufacturing process and it is shown that the resulting 

design and simulation stresses are much below the strength properties of the material, satisfying the maximum stress 

failure criterion. Static analysis of 3-D model of conventional leaf spring is also performed using Pro/E 4.0 and 

compared with experimental results. Compared to steel spring, the composite leaf spring is found to have 67.35% 

lesser stress than that of existing steel leaf spring. A weight reduction of 76.4% is achieved by using optimized 

composite leaf spring. 
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INTRODUCTION 

Finite Element analysis tool offer the tremendous advantages of enabling design teams to consider virtually 

any modeling option without incurring the expense associated with manufacturing and machine time. The ability to try 

new designs or concepts on the computer gives the opportunity to eliminate problems before beginning production. 

The leaf spring should absorb the vertical vibration and impacts due to road irregularities by means of vibrations in the 

spring deflection so that the potential.  Energy is stored in spring as strain as strain energy and then released slowly. So, 

increasing the energy storage capability of a leaf spring ensures a more compliant suspension system. According to the 

studies made a materials with maximum strength and minimum modulus of elasticity in the longitudinal direction is the 

most suitable material for a leaf spring. 

MATERIALS AND METHODS  

A spring is a resilient member capable of providing large elastic deformation. A spring is basically defined as 

an elastic body whose function is to distort when loaded and to recover its original shape when the load is removed.

 In the present work a seven-leaf steel spring used in passenger cars is replaced with a composite multi leaf 

spring made of glass/epoxy composites. The dimensions and the number of leaves for both steel leaf spring composite 

leaf spring are considered to be the same. The primary objective is to compare their load carrying capacity, stiffness 

and weight savings of composite leaf spring. Finally, fatigue life of steel and composite leaf spring is also predicted 

using life data. There are thousands of materials available for use in engineering applications. Most materials fall into 

one of three classes that are based on the atomic bonding forces of a particular material. These three classifications are 

metallic, ceramic and polymeric. Additionally, different materials can be combined to create a composite material. 

EXPERIMENTAL PROCEDURE: 

EN45 SPRINNG STEEL EN45 is silicon manganese spring steel (approx. 0.55% carbon), suitable oil hardening and 

tempering. EN45 is suitable for the manufacture of springs and blades. EN45 spring steel is available in sheets, flats, 

squares and diameters and available in annealed, half hard of fully hardened condition.It has a high ratio of yield point 

to tensile strength and high tensional fatigue strength. 

Epoxy Resins: The large family of epoxy resins represents some of the highest performance resins of those available at 

this time. Epoxies generally out-perform most other resin types in terms of mechanical properties and resistance to 

environmental degradation, which leads to their almost exclusive use in aircraft components.The term 'epoxy' refers to 

a chemical group consisting of an oxygen atom bonded to two carbon atoms that are already bonded in some way. The 

simplest epoxy is a three-member ring structure known by the term 'alpha-epoxy' or '1,2-epoxy'. 
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Design of Leaf Spring 

Given Data: 

Material EN47 

Leaf Spring Length (L)              = 965mm 

Leaf Spring Width (b)                = 045mm 

Leaf Spring Thickness (t)           = 030mm 

Unladen Weight                            = 655Kg 

Laden Weight                               = 1000kg 

Factor of Safety (FOS)                 =2 

No. of Leaf                                   = 1 

Acceleration Due To Gravity (g)  = 9.8m/s 

Analytical Calculation: 

Load Calculation: 

Maximum Load (F)                   = Laden Weight x FOS x g ÷ No. of Wheels  

                        = 1000 x 2 x 9.8 ÷ 4 

Maximum Load (F)                  = 4900 N 

Stress Calculation: 

Maximum Stress (max)               = 6FL ÷ nbt2   [From PSG Design Data Book Page No: 7.104] 

                                                    = (6 x 4900) x 965) ÷ (1 x 45 x 302)   

Maximum Stress (max)           = 700.5 N/mm2 

Weight Calculation: 

Mass                                               =Density x (Length x Width x Thickness) kg 

Weight of steel EN45 Spring         =7850 (0.965 x 0.045 x 0.030) = 10.2 kg 

Weight of E-Glass/Epoxy spring =2600 (0.965 x 0.045 x 0.030) = 3.3kg  

% of Less Weight                = 100– (Wt. of E-Glass/Epoxy Leaf Spring ÷    Wt. of Steel (EN45) Leaf Spring) x100 

                                                         = 100 – (3.3 ÷ 10.2) x 100    = 68% 

% of Less Stress                     = 100– (Wt. of E-Glass/Epoxy Leaf Spring ÷   Wt. of Steel (EN45) Leaf Spring) x100 

                                                         = 100 – (539.1 ÷ 719.4) x 100  = 25% 

 CAD MODELING 

 
Fig.1 2D Model of Leaf Spring 

 

   

Fig.2 Meshing of Leaf Spring Fig.3 Steel (EN47) Stress Fig.4 Steel (EN47) Strain 
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Fig.5 Steel (EN47) Nodal Displacement Fig.6 E-Glass/Epoxy Stress Fig.7 E-Glass/Epoxy Strain 

 

                                
Fig.8 E-Glass/Epoxy Nodal Displacement 

RESULTS AND DISCUSSION 

Static analysis of 3-D model of conventional leaf spring is also performed using Pro/E 4.0 and compared with 

experimental results. A comparative study has been made between steel and composite leaf spring with respect to 

strength and weight. From the results, it is observed that the composite leaf spring is lighter and more economical than 

the conventional steel spring with similar design specifications.  

CONCLUSION 

Compared to steel spring, the composite leaf spring is found to have 67.35% lesser stress than that of existing 

steel leaf spring. A weight reduction of 76.4% is achieved by using optimized composite leaf spring. E-glass/epoxy 

composite leaf spring can be suggested for replacing the steel leaf spring from stress and stiffness point of view.  
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