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Abstract— The oldest vehicle suspension gadgets currently
in active use are potentially leaf springs. The key focus of
the current scenario was the strengthening of car suppliers.
In order to maximize strength, improved material, refining
architecture and enhancing production processes can be
accomplished primarily. The extra material for leaf spring is
included in this dissertation. The new Leaf spring is used,
which consists of composite material and increases strength.
A vibration study of composite leaf spring with
non-linear parameters is the main objective of the research.
Composite Leaf Spring is carried out here in contrast to the
Steel Leaf Spring,  free and force vibration analysis. The
nonlinear study of vibration is done. CATIA and ANSYS
tools for this purpose were used respectively for three-
dimensional modelling and analysis. Compared with
experimental Findings, the virtual results.
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I. INTRODUCTION

Leaf spring should absorb vertical vibrations and impacts
due to road irregularities by means of variations in the
spring deflection so that potential energy is stored in spring
as strain energy and then released slowly. So, increasing
energy storage capability of a leaf spring ensures a more
compliant suspension system. A material with maximum
strength and minimum modulus of elasticity in longitudinal
direction is the most suitable material for a leaf spring

Important characteristics of composites that make
them excellent for leaf spring have superior fatigue strength.
Excellent corrosion resistance, smoother ride, higher natural
frequency, etc. Fatigue failure is the predominant mode of
in- service failure of many automobile components. Fatigue
behaviour of Glass Fiber Reinforced Plastic epoxy
composite material has been studied.

When a tyre hits an obstruction, there is a reaction
force. The intensity of this reaction force depends on the
unsprung mass at each wheel assembly. Vehicle ride and
handling can be improved by keeping unsprung mass as low
as possible. At the same time, a suspension system must be
strong enough to withstand loads imposed by vehicle mass
during cornering, accelerating, braking, and uneven road
surfaces.

Il. RELEVANCE

In order to conserve natural resources and economize
energy, Strength enhancement has been the main focus of
automobile manufacturer in the present scenario.
Mechanical springs are used in many machines to exert
force, to provide flexibility and to store or absorb the
energy. It is also used as one of the components of the
supporting and vibration isolation of the mechanical system.

Leaf spring, like all other springs, serves to absorb and store
the energy and then to release it. Leaf springs are most
frequently used in vehicle suspension systems. Leaf springs
absorb the vehicle vibrations, shocks and bump loads
induced due to road irregularities by means of spring
deflections, so that the potential energy is stored in the leaf
spring and then relieved slowly.

Ability to store and absorb more amount of strain
energy ensures the comfortable suspension system. Many
suspension systems work on the same principle including
conventional leaf springs. But increasing competition and
innovations in automobile sector tends to modify the
existing products or replacing old products by new one with
advanced material products in order to achieve high
strength, weight reduction and cost cutting. A suspension
system of vehicle is also an area where these innovations are
carried out regularly. More efforts are taken in order to
increase the comfort of user. Appropriate balance of comfort
riding qualities and economy in manufacturing of leaf spring
becomes an obvious necessity. This can be improved by
introducing composite materials along with steel in the
conventional spring. Studies and researches were carried out
on the applications of the composite materials in leaf spring.

As doing this, analysis of the structural integrity for
the wrapped composite leaf spring in initial stages of the
design is necessary. Since the mostly the leaf springs are fail
due to bending, and it is catastrophic in nature hence,
accurate stress analysis is quite necessary for the leaf
springs. As the Finite Element Method (FEM) gives better
visualization of this kind of the failures so FEM analysis of
the stress distributions around typical failure initiations sites
is essential. In the present work leaf steel spring used in
passenger cars is replaced with a wrapped composite
conventional leaf spring made of glass/epoxy composites.
Dimensions and number of leaves of steel leaf spring and
wrapped composite leaf spring are considered to be same.
Primary objective is to compare their load carrying capacity,
stiffness and Fatigue life of steel leaf spring and wrapped
composite leaf spring is also predicted. Therefore in this
dissertation work it is proposed to carry out the design and
stress analysis of composite mono leaf spring for light
commercial vehicles applications using FEM.
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Fig. 1: Proposed Experimental Setup for
Strength enhancement testing

I1l. PRESENT THEORIES AND PRACTICES

Numbers of research papers have been published on the
structural analysis and fatigue testing of leaf springs. A
brief review of some selected references on this topic is
presented

Pedro Franco Silva, Antonio Nanni [1] have
describes a phase of the research program to determine the
feasibility of a proposed FRP wrapping method to
strengthen the corroded steel columns. This method consists
in two steps: wrapping the corroded steel column with open
FRP jacket and filling the jacket with expansive light-weight
concrete. Seven steel columns were tested in the laboratory
with five of them strengthened using the proposed
technique. The first two were control units with one being a
virgin shape and the other notched in the center zone to
simulate the loss of section due to corrosion. The remaining
five, all notched, were wrapped with FRP composite tubes
in the damage area and the tubes were filled with light-
weight expansive concrete. All specimens were axially
loaded to failure while strain and displacement were
measured to demonstrate the validity of this repair concept.
This paper presents the experimental results and discusses
the findings with preliminary conclusions on the feasibility
of the proposed strengthening method

Patunkar and Dolas [2] have discussed the analysis
of composite mono leaf spring made of glass fiber
reinforced plastic. Initially conventional leaf spring has been
tested for static conditions. Then simulation has been carried
out for the composite spring of glass fiber under the same
static load condition. The comparison of the deflection and
the stress distribution has been carried out. It has been
observed that there is large deflection in the conventional
spring than composite spring. Conventional leaf spring also
possesses more weight than composite leaf spring.

Krishan and Aggarwal [3] have presented the work
of analysis of multi leaf spring using finite element methods.
The work has been carried out on a multi leaf spring having
nine leaves used by a commercial vehicle. It was having
two full length leaves in which one is with eyed ends and

seven graduated length leaves. The material of the leaf
spring was 65Si7/SUP9. Bending stress and deflection have
been observed and comparison of both i.e. experimental and
FEA results have been conducted. When the leaf spring was
fully loaded, it has been observed that the variation in the
defection was 0.632 % in experimental and FEM results.

Dhoshi et al. [4] have discussed the analysis and
the modification of the leaf spring used in tractor trailer
using FEM. An analytical model has been used for finding
out the correct dimensions of the multi leaf spring for given
loading conditions. The stress distribution has been
observed in FEM for the same spring modeled. It has been
observed that there is no much difference in the stresses
obtained by analytical and FEM results. So some
modifications in the spring have been tested. It has been
found that if number of leaf springs were reduced from 17 to
13 in this case there is not much difference in the stress
distribution and also the design is safe. This achieves the
weight reduction approximately by 6 Kg and cost reduction
by 20%.

Mhaske Raman, Parkhe Ravindra, Shripad
Nimbalkar [5] have discussed weight reduction is the prime
focus of automobile manufacturer. In automobile leaf spring
is potential item for weight reduction which accounts for 10-
25 % of unsprung weight. Material with maximum strength
and minimum modulus of elasticity is most suitable for leaf
spring, and composite spring reduces weight of automobile
without reducing the load carrying capacity. This study
leaves wide scope for future investigations. It can be
extended to newer composites using other reinforcing
phases and the resulting experimental findings can be
similarly analyzed.

Kainulainen [6] have discussed the analysis of the
parabolic leaf spring failure. Initially the failed spring has
been observed and dynamic simulator has been used for
measurement of load and moment. FEM analysis has been
carried out for conventional spring followed by the
experimental study. It has been observed that for static
loading the stress is concentrated at the middle portion of
the spring but for the impact loading the stress concentration
takes place near to the eye end along the driving direction.
Sometimes the spring is a large twist of S type curve in
impact loading. It has been found that there is large
difference between in the static stress in FEM and
experimental. But for stresses in driving conditions there is
not much difference in the stresses.

Wieslaw Krason and Jozef Wysocki [7] have
discussed the forced vibrations of the rear suspension of the
biaxial vehicle fitted with the double spring spatial shell
model and the viscous damper, under the force pulse input
with the given transient response. The play between the
master and auxiliary spring is a specific feature of the
double spring design. Numerical tests have been taken for
three variants of the viscous attenuation. The problem of
modeling and analyzing, including contact issues, has been
solved with the use of MSC Patron pre-processor. The
numerical analysis of the suspension model with the
geometrical nonlinearities, viscous attenuation, and time-
varying load have been taken with the use of the finite
element method (FEM). The selected results of the model
tests in the form of the suspension relative displacements
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(speeds) and deformations (stresses) for the selected points
of the master and auxiliary spring against time have been.
The complete model of the suspension system makes
possible to examine the influence of various inputs on the
interoperation and the phenomena associated with the
dynamic response of such a complex system.

M.Venkatesan and D.Helmen Devaraj [8] have
presented the design and experimental analysis of composite
leaf spring made of glass fiber reinforced polymer. It has
been decided to compare the load carrying capacity,
stiffness and weight savings of composite leaf spring with
that of steel leaf spring. The design constraints were stresses
and deflections. The dimensions of an existing conventional
steel leaf spring of a light commercial vehicle have been
taken. Same dimensions of conventional leaf spring have
been used to fabricate a composite multi leaf spring using E-
Glass/Epoxy unidirectional laminates. Static analysis of 2-D
model of conventional leaf spring has been also performed
using ANSYS and compared with experimental results.
Compared to steel spring, the composite leaf spring is found
to have 67.35% lesser stress, 64.95% higher stiffness and
126.98% higher natural frequency than that of existing steel
leaf spring. A weight reduction of 76.4% is achieved by
using optimized composite leaf spring.

Muhammad Ashiqur Rahman et al. [9] have
presented the non linear analysis of cantilever beam. Leaf
springs undergo much larger deflections in comparison to a
beam of constant cross-section that takes their study in the
domain of geometric nonlinearity. This paper studies
response of a leaf spring of parabolic shape, assumed to be
made of highly elastic steel. Numerical simulation has been
carried out using both the small and large deflection theories
to calculate the stress and the deflection of the same beam.
Non-linear analysis was found to have significant effect on
the beam’s response under a tip load. It has been seen that
the actual bending stress at the fixed end, calculated by
nonlinear theory, is 2.30-3.39 % less in comparison to a
traditional leaf spring having the same volume of material.
Interestingly, the maximum stress occurs at a region far
away from the fixed end of the designed parabolic leaf
spring.

Gulur Siddaramanna Shiva Shankar and Sambagam
Vijayarangan [10] have discussed the design, analysis and
testing of mono composite leaf spring for light commercial
vehicles. A low cost fabrication of complete mono
composite leaf spring and mono composite leaf spring with
bonded end joints have been presented in this paper along
with its design and analysis. A single leaf with variable
thickness and width for constant cross sectional area of
unidirectional glass fiber reinforced plastic (GFRP) with
similar mechanical and geometrical properties to the multi
leaf spring, was designed, fabricated (hand-layup technique)
and tested. Computer algorithm using C-language has been
used for the design of constant cross-section leaf spring. The
results showed that as spring width decreases hyperbolically
and thickness increases linearly from the spring eyes
towards the axle seat. The finite element results using
ANSYS software showing stresses and deflections have
been verified with analytical and experimental results. The
design constraints were stresses (Tsai-Wu failure criterion)
and displacement. Compared to the steel spring, the

composite spring has stresses that are much lower, the
natural frequency is higher and the spring weight is nearly
85 % lower with bonded end joint and with complete eye
unit.

IV. METHODOLOGY

From the review of the literature on analysis of leaf springs
it is seen that there is much scope for research work in this
area in light commercial vehicles. As such, it is proposed to
carry out some theoretical and experimental studies on stress
analysis of composite leaf springs. For this purpose
following work will be carried out

1) Design validation for existing conventional leaf spring
using one of the theoretical approaches.

2) Detailed stress and modal analysis using FEM of
conventional leaf spring to determine the peak stress
counters in the conventional leaf spring and its mode
shapes and natural frequencies.

3) Design of leaf spring by wrapping composite material
to conventional leaf spring at same loading conditions
and its stress and modal analysis using FEM to find out
stress distribution and its natural frequencies.

4) Experimental validation of natural frequencies obtained
by FEM using FFT analyzer.

5) Design of leaf spring by wrapping composite material
to conventional leaf spring at same loading conditions
and its stress and modal analysis using FEM to find out
stress distribution and its natural frequencies.

6) Experimental validation of stress results obtained by
FEM using strain gauge technique for both springs.

V. CONCLUSION

It is seen in both the Leaf Spring of Steel and Composite
that the frequency increases with each subsequent vibration
mode. The normal frequency of both steel and composite
material decreases more rapidly in the first mode. The
normal frequency of the cantilever beam rises rapidly after
first mode for both steel and composite material.

It is seen for forced vibration that the normal freque
ncies are almost identical to that of free vibration.

The theoretical research offers not only geometric n
onlinearitiesunderstanding, but also a deeper understanding
of the underlying principle of material mechanics.

Since the experimental and numerical effects of
Composite and Steel leaf Springs vibration research are
closer to each other. Finally, it is claimed that, instead of
rendering experimental analysis more costly and time
consuming, ANSYS would conduct numerical analysis.
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