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Abstract 

This review is a basic comprehensive source for design and analysis of a leaf spring using different composite 

materials. Leaf spring in automobile play a very important role in suspension system to absorb the road shocks, 

which are developed during the vehicle motion. Presently in automobile steel leaf springs are widely used, lot of 

research is in progress towards the replacement of the existing steel leaf spring with composite leaf spring to 

have better weight to strength ratio and improved mechanical properties like tensile strength, compressive 

strength, flexural strength, impact strength and stiffness. The use of composite material for leaf spring helps in 

reduction of weight without any reduction in load carrying capacity. The composite materials used in research 

work are E-glass/Epoxy, Carbon/Epoxy. Graphite/Epoxy, Boron/Aluminium and Kevlar/Epoxy. 
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I. Introduction 

The main function of the leaf spring in automobile suspension system is to absorb the road shocks to safeguard 

the occupants, vehicle components and also the stability of the automobile in rolling and pitching during the 

motion. In addition to road shocks it also carries lateral loads, driving and braking torques. Leaf spring assembly 

consists of a number of leaves, the leaves are varying in length. The longest leaf has eyes on both ends are called 

as master leaf. All the other leaves are bound together with the help of strips. One end of the spring is mounted 

on the frame of the automobile chassis with simple pin, which is fixed. While other end is connected to the 

frame with shackle. The shackle accommodates change in length of the spring, when it deflected due to upward 

movement of the wheel, when it crosses the projection and irregularitieson the road surface.  

Presently the steel is used as a material for leaf spring, which is accountable for 10-20% of unsprung weight. 

The automobile manufacturers are now looking to reduce the unsprung weight with the replacement of steel 

spring using composite material without reduction in load carrying capacity, better weight to strength ratio and 

improved mechanical properties like tensile strength, compressive strength, flexural strength, impact strength 
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and stiffness. Lot of research work has been carried out on design, fabrication and analysis of composite leaf 

spring.  

 

II. Literature Review 

AnandRajgopal, et al[1]: The research work carried out on replacement of rear steel leaf spring of TATA407 

with mono composite leaf. The researcher used two different materials namely E-glass/epoxy and Carbon/epoxy 

composites. The modeling of the leaf spring was done with Solid edge and analysis with Ansys softwares. The 

results concluded that E-glass/epoxy mono composite leaf spring had ten times the life and one-third in weight 

as compared with existing steel spring. 

Manjunath.H.N, et al [2]: In this research static analysis and fatigue life prediction for steel and composite 

materials like E-Glass/Epoxy, Graphite/Epoxy, Boron/Aluminum, Carbon/Epoxy and Kevlar/Epoxy are carried 

out by using finite element analysis software Ansys 10 and Hwang and Han relation for TATA ACE leaf spring. 

From the result they concluded as Boron/Aluminum has minimum deflection and stress and possess high 

stiffness as compared to other composites of leaf spring. Graphite/Epoxy and Boron/Aluminum have with stand 

more than 10, 00,000 cycles at stress level of 0.215 and 0.226. 

M.Suresh Kumar, et al [3]:Design, fabrication, and analysis of a hybrid fiber composite monoleaf Spring using 

Carbon and E-Glass fibers for automotive suspension applications are carried out and focus on an analysis and 

behavior of a monoleaf spring made of hybrid composite materials, i.e., carbon and E-glass fibers. It was 

observed that the natural frequency of a hybrid composite leaf spring is twice the frequency of a conventional 

leaf spring, particularly in the vertical direction, which means that the occurrences of resonance will be less. 

Also, it is observed that the stress produced in it is lower than that in a conventional leaf spring. The hybrid 

composite monoleaf spring proved to have better impact and tensile behavior than a steel one 

Bhaumik, et al [4]: Carried out experimentation on comparing the bending stress and deflection on steel and C-

Glass/Epoxy composite leaf spring. The stress and deflection test for both springs carried out in Universal 

Testing Machine and comparedthe results. The bending stress and deflection induced in the C-Glass/Epoxy 

composite leaf spring is 64% and 57% less than the conventional steel leaf spring respectively. 

Krushankant R. Jani, et al [5]: Experimentation work carried out for replacement of steel spring in Maruti 

Omni vehicle with composite material E-glass/epoxy. The composite leaf spring manufactured with hand layup 

method, both the springs tested in Universal Testing Machinefor static load carrying capacity. The bending 

stress and weight of the composite leaf spring 91% and 74.522% less than the steel spring respectively. 

T.N.V.Ashok Kumar, et al [6]: In this research Design and material optimization of heavy vehicle leaf spring 

are carried out. The paper describes static and dynamic analysis of steel leaf spring and laminated composite 

multi leaf spring carried out by using finite element analysis software Ansys 10. Composite materials used are 

Kevlar/epoxy and S2 Glass/Epoxy. The results shows that displacement was high in composite than steel and 

vibrations in composites were less than steel.Using Kevlar/epoxy the weight reduced to 267 kgs and with S2 
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Glass/epoxy 246kgs compared to steel spring. The weight and stress are less in Kevlar/Epoxy composite 

compare to S2Glass/Epoxy. The deflection high in Kevlar/Epoxy composite compare to S2Glass/Epoxy. 

B.Raghu Kumar, et al [7]: Static analysis of mono leaf spring with different composite materials were carried 

out by using finite element analysis software Ansys. A single leaf with variable thickness and variable width for 

constant cross sectional area of different composite materials like E-Glass/Epoxy, Graphite/Epoxy, 

Boron/Aluminum, Carbon/Epoxy, Kevlar/Epoxy and steel, with similar mechanical and geometrical properties 

to the multi leaf spring, were modeled and analyzed. The result shows that among all composite material 

Boran/Aluminum is the best material to replace steel spring. 

Keshavamurthy, et al[8]: In this paperthe researchers focused on replacement of conventional steel leaf spring 

with hybrid composite leaf spring with varying thickness. The E-glass/Carbon/Epoxy hybrid composite material 

used and analysed using Ansys software.The design constrained are stress and deflection. The result shows that 

hybrid composite leaf spring without eye units lower in stress and weight of 55% and 70% compared to steel 

leaf spring. 

S.Vanitha, et al [9]:Researchers aimed in replacing the steel leaf spring with hybrid composite leaf spring.The 

material selected for hybrid composite is Jute and carbon in epoxy resin.The researchers also focused on spring 

eye as it plays important role in load carrying. The researchers opted two different possibilities for eye. In first 

case steel eye bolted to natural fiber reinforced hybrid composite mono leaf spring and in another the eye is 

made of same composite. The analysis carried out using Ansys software. The results shows that composite leaf 

spring 80% less weight compared to steel leaf spring and also the strain energy stored in steel eye bolted with to 

natural fiber reinforced hybrid composite mono leaf spring is less and more stress compared to hybrid composite 

leaf spring. Further the natural frequency in hybrid composite is more than steel leaf spring which reduces the 

resonance in composite leaf spring. 

Surekha S. Sangale, et al [10]: The work aimed in replacing the steel leaf spring with carbon/epoxy composite 

material leaf spring in automobile suspension system. The researchers compare the bending stress and deflection 

in carbon/epoxy composite material leaf spring with EN47 steel leaf spring  throughanalytiacal design method. 

The analytical result shows that the carbon/epoxy composite leaf spring induced with less bending and 

deflection compare with EN47 steel spring. 

 

III. Conclusion 

On this review many research works were carried out on replacement of conventional steel leaf spring with 

composite leaf spring of automobile suspension system to have better weight to strength ratio and improved 

mechanical properties. The composite leaf spring shows competitive advantages over the steel leaf spring.This 

review provides information about design, fabrication and analysis of composite leaf spring. Many researchers 

used hand layup and filament winding methods for fabrication of composite leaf spring. The mono composite 

leaf spring modeled and analysed using Pro/E, Solid Works, CATIA and Ansys software. The composite leaf 

spring were modeled and analysed with constant and variable cross sections. Composite leaf spring are less in 
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weight and suitable for replacement of existing steel leaf spring in automobile suspension system. Further there 

is a lot of scope in improving the mechanical properties of composite material leaf spring by using different 

composite materials, hybrid composite with nano particles. 
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